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City Trafhic 


Perhaps it is an inescapable characteristic of large cities that they 
must be traffic-bound as proof of their bustling activity. Most city 
drivers would consider it an unheeded calamity that has long out- 
lived the period of toleration. 

This may be true for many cities that have grown from favorable 
geographical characteristics and other commercial advantage, but 
it must be obvious to many alert city heads and other responsible 
officials that their tardy and inadequate measures to meet an obvious 
long-standing threat has resulted in the sluggish movement of traffic 
on their streets today, rapidly reaching the status of an emergency. 
To them it must be evident that the automobile has brought mixed 
blessings in an era of great movement—ease and comfort in travel 
frustrated by city traffic stagnation. 

Self-sufficiency and indifference appear to increase as the prob- 
lem steadily grows worse, in spite of our national effort to improve 
our highways. 

Some early-aroused cities marked by their leadership have 
moved to prompt action. They were fully aware of the increasing 
threat of immobility on city streets and the frequent occasions when 
one can make greater headway on foot than in strangled traffic. 

It is unfortunate that with all its favor and the advantages of 
automotive transportation, some cities have appeared reluctant to 
make the most of it. It has been clearly demonstrated that people 
like to go where their cars can go. They are strongly averse to any 
denial of its use. 

Whatever else may be considered the keystone of city growth 
and success, automotive transport of goods and people should rank 
high in priority. Many cities appear to ignore this important advan- 
tage by their failure to provide appropriate means to accommodate 
the automobile. This problem is not confined to worry or anxiety 
of the driver; it is of serious importance to the merchant whose 
paramount interest is bringing the customer to his door. 

Cities, with some appearance of complacency, continue to build 
in the air. This adds to their splendor, but at the same time to in- 
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creased traffic confusion, requiring faith and courage of both driver 
and pedestrian in their efforts to make minimum headway. In time, 
these precarious conflicts, if allowed to continue, may portend 
serious consequences to healthy city growth. 

To this extent, safe and free-flowing traffic is an index and a 
measure of city management. 


Sh... v8 Le 




















Metropolitan ‘Transportation Studied 


in University Pilot Course 


HENRY M. BAIN, JR. 


Mr. Bain is a partner in Metro Consultants, a firm specializing in metropol- 
itan problems. He has taught at Harvard and is presently a Lecturer in 
Political Science at The George Washington University. He has held research 
postiions with Syracuse University, the University of Chicago, and the 
Brookings Institution. Mr. Bain has served as a consultant to the National 
Science Foundation, the National Academy of Sciences, the U. S. Office of 
Education, and the Rand Corporation. He has been associated with transporta- 
tion research and planning in the Washington area as a consultant to the 
Institute of Public Administration, the National Capital Planning Com- 
mission, and the Joint Committee on Washington Metropolitan Problems 
of the U.S. Congress. 


UNIVERSITY’S curriculum must be ever-changing—to keep 
pace both with the progress of knowledge and with changing 
problems. In recent years, first one part of the social science cur- 
riculum and then another has undergone a period of rapid growth, 
as measured by the number of courses offered and the number of 
students enrolled. 

Current signs point to a renaissance in the study of urban prob- 
lems, after a generation of relative neglect. Some thirty years ago 
there was strong academic interest in the American city. Park, 
Burgess, and others at the University of Chicago conducted their 
classic investigations of the social structure of the city and the 
processes of urban growth. Students of local government were still 
riding the tide of municipal reform, busily engaged in the theory and 
practice of executive budgeting, personnel administration, and 
council-manager government. 

Then, with the Depression and the coming of the New Deal, 
attention shifted to the national scene. The revived interest in urban 
affairs springs from a growing realization of the importance that 
this subject is bound to assume as our nation continues its rapid 
conversion to an urban society. 
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The work of students of political behavior throws new insight 
into the nature of urban political processes. One who looks into the 
work of urban specialists after even a brief absence from this part 
of the academic world finds things greatly changed. Realistic 
studies of the institutions of local government have replaced the 
over-formal approach that characterized much earlier work by 
political scientists. Sociologists have moved beyond earlier formula- 
tions of social processes. 

It is well that the social sciences have developed an enriched 
repertoire of concepts, techniques and understanding, for the real 
world has not stood still; today’s urban areas present a range of 
problems of a magnitude and complexity far greater than anything 
with which the social scientists had to deal before World War II. 


PILOT COURSE IN URBAN TRANSPORTATION 


At The George Washington University, the first response to the 
urban challenge took the typically academic form of an inter- 
departmental committee which studied at length the educational 
job to be done. The committee early recommended the establish- 
ment of an interdepartmental program in urban studies, leading to 
advanced degrees. Such a program would include a wide range of 
courses in economics, political science, sociology, geography, 
business and public administration, and other disciplines. At the 
same time, the program would provide administrative arrange- 
ments to assure that each student’s schedule of courses is built 
around a unifying theme relating to contemporary urban problems. 

As a first step in establishing such a curriculum, a pilot course 
was offered by the university in the fall term of 1960-61. Since a 
course that attempted to cover the whole range of metropolitan 
problems could hardly avoid superficiality, the pilot course focused 
on problems of metropolitan transportation. It was not hard to 
justify this decision. Metropolitan transportation is one of the most 
critical of current urban problems. 

There is also the tantalizing promise that even a partial solution 
of this problem will do much more than merely provide more 
economical movement in urban areas. As Luther Gulick has said: 

So central to metropolitan life is this problem of physical circulation 
of men and goods that it might be said that all the rest of our metropolitan 
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problems would become tractable if only we might find how to “‘solve”’ the 
transportation problem. 

Financial support for the special costs of the new course was 
provided by the Washington Center for Metropolitan Studies, an 
organization on whose board of directors each of the universities of 
the Washington area is represented. Its purpose is to encourage and 
aid in the promotion of teaching and research on the current prob- 
lems and prospective development of the National Capital region. 
The Center’s program is supported by grants from the Ford Founda- 
tion and the Eugene and Agnes Meyer Foundation. 


OBJECTIVES OF THE COURSE 


The general character of the course is dictated by its orientation 
toward public policy. It is designed primarily for students of the 
social sciences, and thus differs in important respects from engineer- 
ing courses in urban transportation. For example, the course deals 
but briefly with such matters as traffic survey methods, assignment 
of traffic to transportation systems, engineering design, and other 
subjects that are standard fare in courses intended for engineers. 

Nevertheless, this course is by no means confined to the study 
of political and administrative institutions, and therefore differs 
sharply from most courses in the traditional political science cur- 
riculum which focus on the workings of political institutions, but 
treat only superficially the substance of governmental activity. The 
course is more nearly akin to a number of courses dealing with 
specific policy areas such as foreign affairs that have been instituted 
in political science departments in recent years. 

The course devotes considerable attention to the substance of 
the problem—the role of transportation in urban growth, operating 
characteristics of present and future systems, and the research 
methods by which future needs can be determined. Only after 
students have acquired a reasonably thorough background in these 
matters can they hope to deal intelligently with questions of public 
policy relating to metropolitan transportation. 

One difficulty in developing a course in a relatively new field is 
the frequent lack of suitable text material and supplementary read- 


1. Gulick. Luther, Metro: Changing Problems and Lines of Attack. Washington: Govern- 
mental Affairs Institute, 1957, p. 19. 
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ing. In this case, we are fortunate in having Wilfred Owen’s The 
Metropolitan Transportation Problem, a volume that provides an excel- 
lent introduction to the field, and leads readily into more specialized 
reading. 

Another very useful volume is Better Transportation for Your City, 
prepared by the National Committee on Urban Transportation. 
This is a good introduction to the methods of gathering and inter- 
preting the facts on urban transportation, and the processes by 
which transportation plans can be made and implemented. The 
more than a dozen procedure manuals published in conjunction 
with this volume offer the student a valuable guide to any of the 
various aspects of transportation research and planning he may 
wish to investigate. 

A large amount of other printed material is available on the 
subject, of the type that librarians call “fugitive” —reports by public 
agencies, surveys by consulting organizations, and studies by 
university groups. The comprehensive surveys completed or under 
way in several metropolitan areas offer an especially valuable 
resource. 

The Mass Transportation Survey for the National Capital 
Region, completed in July 1959, provided a large quantity of 
useful materials on the region’s prospective growth and on ways of 
meeting its transportation needs. These were supplemented by 
staff reports and lengthy hearings of the Joint Congressional Com- 
mittee on Washington Metropolitan Problems. The committee 
held hearings both on the Transportation Plan for the National 
Capital Region and the legislation establishing the National Capital 
Transportation Agency to proceed with the design of a transporta- 
tion system. 

The course also uses a wide variety of readings in books and 
periodicals in political science, economics, sociology and city 
planning. In addition, considerable reliance is placed on reports 
emanating from comprehensive transportation surveys in various 
metropolitan areas, notably Detroit, Chicago and St. Louis. Other 
metropolitan areas that have produced useful documents include 
Philadelphia, San Francisco, New York and Boston. 


2. Wilfred Owen, The Metropolitan Transportation Problem. Washington: Brookings 
Institution, 1956. 

3. National Committee on Urban Transportation, Better Transportation for Your City. 
Chicago: Public Administration Service, 1958. 
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The course at The George Washington University follows much 
the same sequence used in several recent metropolitan transporta- 
tion surveys. This provides logical and integrated topical treatment, 
and also facilitates the use of documents from various transportation 
surveys. Each student is expected to read the principal documents 
resulting from the Washington survey, and each chooses one other 
metropolitan area for detailed study, following its research and 
planning step by step as the course proceeds, studying them in the 
light of the other reading materials, and comparing them with the 
procedure that has been followed in the Washington area. 


OUTLINE OF THE COURSE 


The course begins with an overview of contemporary metropoli- 
tan area problems. The transportation system is put in perspective 
as one of several key functional elements. Attention then turns to 
the geographical area of interest, embracing a review of current 
concepts of region and metropolis, and evaluating the criteria by 
which the area can best be defined for transportation planning. 

The next consideration is population projection. The class 
studies several methods of prediction, including analysis of the 
economic base of the region and its growth potential, interpretation 
of trends in migration and net reproduction, and the less sophis- 
ticated but perhaps no less reliable “ratio” methods. 

Proceeding from the size of the future metropolis to its shape, 
the course reviews current trends in the location and relocation of 
various economic activities within the metropolitan area, drawing 
on the work of Edgar M. Hoover and Raymond Vernon.‘ This is 
followed by a consideration of proposals for the future shape of the 
metropolis, ranging from the relatively conservative projection of 
trends typical of the land use plans on which most, if not all, trans- 
portation surveys have been based, to the imaginative conceptions 
of the advocates of new towns, redeveloped downtowns, lineal cities, 
and other ideas in the ample bibliography on the “‘ideal city.” 

With this much ofan introduction to the study of the metropolis, 
the course turns to metropolitan transportation systems. The famil- 
iar story of horse car, cable car, trolley, bus and automobile, and 


4. Edgar M. Hoover and Raymond Vernon, Anatomy of a Metropolis. Cambridge: 
Harvard University Press, 1959. 

Raymond Vernon, The Changing Economic Function of the Central City. New York: 
Committee for Economic Development, 1959. 
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their effects on the radius and intensity of settlement, is told once 
again. 

A summary of the organizational and financial history of urban 
transportation begins with the sometimes deviously acquired street 
railway franchises and the occasionally watered stock of the 
nineteenth century. It concludes with the history of the federal-aid 
highway acts, apparently destined to suffer fully as much criticism 
before this phase of transportation development passes into history. 
It also concludes with some detailed studies of the impact of trans- 
portation facilities on the metropolis, notably including Mas- 
sachusetts’ celebrated Route 128. 

By this time, it is hoped that the students are ready for a fairly 
heavy dose of theory. A large number of facts about trends in 
population, industrial location, highway construction, and traffic 
volumes can be accumulated much more readily than they can be 
assimilated and arranged in terms of a conceptual scheme, which 
both orders knowledge and suggests where to look for additional 
knowledge. Such an intellectual foundation should be built, it 
seems, around the notion of travel as behavior, as part of an inte- 
grated pattern of purposeful activities. The work of Mitchell and 
Rapkin® is a useful introduction to this kind of thinking, even 
though its value is limited by its paucity of empirical studies making 
explicit use of the conceptual scheme. 

From this point there is a natural progression to the methodology 
of traffic research—the measurement and description of traffic pat- 
terns by means of interviews and counts, the classification and 
mapping of land uses, and the projection of future patterns of land 
use and travel behavior. Here, a course for non-engineering students 
faces the difficult task of conveying an understanding of the poten- 
tialities and limitations of current methodology without becoming 
hopelessly ensnarled in techniques. 


ANSWERS SOUGHT IN SYSTEM PLANNING 


Before proceeding to consider predictions of future travel and 
the design of facilities to accommodate it, there is a digression to 
consider the nature of the planning process in urban transportation, 


5. Robert B. Mitchell and Chester Rapkin, Urban Traffic, A Function of Land Use. 
New York, Columbia University Press, 1954. 
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in the form of a series of questions. What are the objectives of an 
urban transportation system? What are the standards to which we 
want each part of the system to conform? What are the criteria by 
which we choose between conflicting objectives ? How do we value 
future benefits in the present? These questions need to be asked— 
and answered —in the planning ofa multi-million-dollar transporta- 
tion system. While transportation planners have ways of evaluating 
the costs of congestion and accidents, and are accustomed to dis- 
counting future benefits by means of interest rates, their methodol- 
ogy is far from sophisticated. 

In a parallel field of public works planning—river basin develop- 
ment—considerable research on such questions has been done and 
is useful to a study of urban transportation. McKean’s® critique of 
the planning process in basin development provides some useful 
guides toward the development of more refined planning methods 
in transportation. 

The next part of the course deals with prediction of future total 
volumes of travel and future number of trips between pairs of zones, 
as a function of land use and various socio-economic indicators; 
tentative design of alternative transportation systems; assignment 
of traffic to each mode and route; determination of peak-hour and 
directional factors, and evaluation of alternative systems. 

It is also necessary to learn something about prospective con- 
tributions of new technology to urban transportation and the 
possibilities of improving existing facilities by relatively inexpensive 
engineering and organizational changes. Here, too, we must 
evaluate the potential contribution of the two principal modes of 
urban transportation, private automobile and public conveyance. 

The final phase of the course deals with the financing, organiza- 
tion, administration, and politics of metropolitan transportation 
systems. Here the political scientist finds himself on more familiar 
ground. The study of finance brings up not only the usually dis- 
cussed questions of highway finance, but some new and challenging 
questions with respect to the financing of large and costly public 
works programs in metropolitan areas whose local governments are 
hard pressed to meet their day-to-day obligations. The extensive 


6. Roland N. McKean, Efficiency in Government Through Systems Analysis. New York: 
John Wiley and Sons, 1958. 





12 TRAFFIC QUARTERLY 


literature on authorities, special taxing districts, and other fiscal 
devices awaits the student seeking a way to make some of our 
society’s affluence available for the movement of people in urban 
areas. 

There is likewise an ample and growing literature on the 
governmental structure of metropolitan areas, much of it pertinent 
to the organization and administration of a metropolitan transpor- 
tation system. Indeed, a political scientist could easily spend the 
better part of a semester on this topic alone—a good reason for 
putting it at the end of the course! Among such recent publications 
of special interest is the work of Connery and Leach’ on the role 
of the federal government in metropolitan areas. 

The study of political institutions for meeting metropolitan 
transportation needs leads naturally to a concluding review and 
recapitulation of the main points covered in the course. Any realistic 
estimate of the likely shape of governmental institutions in American 
metropolitan areas in the years to come is bound to leave one with 
the feeling that things will not soon be much different from what 
they are now. This conclusion, in turn, calls for a re-examination 
of much of the earlier course work. 

Can we justify a projected pattern of land use that is much 
different from a continuation of present trends? Is there any use 
in designing an urban freeway system that depends on area-wide 
management of traffic flow in order to carry peak loads without 
breakdown due to congestion? Can the many governmental units 
of the typical metropolitan area ever be expected to join in financing 
a bold construction program for which little or no matching federal 
aid or state grants are available ? These and similar questions direct 
attention to the heart of metropolitan transportation problems. 


7. Robert H. Connery and Richard H. Leach, The Federal Government and Metropolitan 
Areas. Cambridge: Harvard University Press, 1959. 

















Mass ‘Transportation by Monorail 


LAWRENCE S. WATERBURY 


Mr. Waterbury is a consulting engineer of wide experience in the field of 
transportation. His career spans four decades of America’s greatest growth. 
His engineering reports have been involved in the construction of more than 
$2,000,000,000 worth of tunnels, bridges, causeways, highways and other 
toll projects stretching two thousand miles across the nation. His reports have 
also included studies and plans for the development of arterial highways in 
urban areas and for mass transportation systems in a number of the larger 
cities in the United States. Mr. Waterbury was the senior partner of the 
engineering firm of Parsons, Brinckerhoff, Hall and Macdonald. After a 
twenty-year tenure, he retired from the organization in 1956 to set up his own 
firm in New York City as engineering consultant to government, industry, 
and other engineering firms. He is a member of the American Society of Civil 
Engineers, Institute of Traffic Engineers, American Transit Association, 
Highway Research Board and other technical organizations and is a licensed 
Professional Engineer in several states. 


HE efficiency ofa transportation system is of utmost importance 

to the economic life and health of any community or region. 
This is not only to develop commerce, business, and industry but 
recreation as well. Over the years we have witnessed the develop- 
ment of many modes of transportation for articles of commerce 
and people. 

With each new development there was an improvement in 
efficiency both as to speed and economy. ‘This competition brought 
about less use of the previous systems and oftentimes led to abandon- 
ment of the service. 

This is a serious problem in our urban and suburban areas. It 
is desirable to maintain our large cities, particularly the central 
areas, in a healthy economic condition. Unless this is done, the 
effect on the economy of the entire region can be disastrous. To 
accomplish this it is essential that means be found to develop and 
maintain efficient and adequate transportation systems. 

It has been demonstrated that this cannot be accomplished by 
the development of express highways for automobiles, buses and 
trucks. To provide sufficient highway lanes to accommodate traffic, 
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too much valuable land area would be required. In 2” ition it 
would be too costly when we consider all the aspects, in. ding the 
cost of resulting traffic congestion in the central area—the cost to 
users. 

For one reason or another there have been losses in patronage 
on the mass transportation systems serving the central business 
districts, both on the rail lines and surface transit vehicles. In many 
cases this Has resulted in the abandonment of service in many areas. 

In other regions, other abandonments have been contemplated. 
Moreover, there have been serious threats of such action unless the 
means can be found to make these services profitable to the opera- 
tors, or by taxpayers’ subsidizing them. 

In the last few years, extensive transportation studies in many 
large cities have concluded that the solution to the traffic problem 
rested in developing a rail transportation system. Where none 
existed, it was recommended that one be developed. Where facilities 
did exist, it was recommended that steps be taken to use portions 
that fitted into the plan and to modernize them to attract and 
serve the traffic. 

In transportation studies in recent years, the entire regional 
area surrounding the central urban area was taken into considera- 
tion. The suburban service had to be co-ordinated with the down- 
town central area to provide a completely integrated system. 

Various types of facilities were considered, including the con- 
ventional rail-elevated and subway systems together with modern- 
ized equipment and operating features. A monorail system was 
seriously studied to provide an attractive service for less capital 
and smaller operating cost. 


SUSPENDED MONORAIL SYSTEM 


Monorail systems have operated in Europe for years. In 1957, 
I investigated monorail operations in Germany. 

A short distance north of Cologne, the Wuppertal Schwebebahn 
(suspended monorail or swinging railroad) has been in operation 
since 1901. I rode on these monorail trains, and made a thorough 
inspection of their facilities. A description of the monorail history 
and of its operation will assist anyone considering ways to adapt 
monorails to our urban transportation. 
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Toward the end of the last century, traffic difficulties within 
the then independent towns Barmen, Elberfeld and Vohwinkel in 
Germany were such that the idea was born to connect these towns 
by a fast elevated railway system. Despite the fact that railway 
connections already existed at the northern and southern slopes of 
the valley and a tram line (horse drawn) extended along the river 
bed between Oberbarmen, Elberfeld and Sonnborn, it had proved 
impossible to avoid traffic congestion. 

At this time an engineer from Cologne, Eugen Langen, came 
before the public with his sensatioual invention, i.e. to build a sus- 
pended monorail or Schwebebahn. After much preparatory work 
the competent communal authorities agreed upon this new means 
of transportation, to stretch over the river Wupper. 

The work was started in 1898. The first tests took place the 
following year. 

On March ist, 1901, the monorail began operating between 
Kluse station and Zoo station (distance 2.8 miles). The turning 
loops built at the temporary terminals were dismantled later on. 

The next section between Zoo station and Vohwinkel terminal 
(distance 1.9 miles) was operated on May 23rd, 1901; this part of 
the line leaves the river shortly after Zoo station and continues for 
the rest over a main street. 

After two more years, on June 27th, 1903, the remaining section 
between Kluse station and Oberbarman terminal (distance 3.5 
miles) was handed over to the public, bringing the total of the line 
operated to 8.2 miles. 

This unique suspended monorail transport system, serving a 
built-up area in the heart of Germany’s industrial Ruhr now known 
as Wuppertal, has been the backbone of the city’s passenger traffic 
for almost sixty years. For most of its length the monorail hangs over 
the Wupper River, a small stream in a narrow valley. 

Because of the geography, the towns making up Wuppertal run 
for miles along the river but extend for only a limited number of 
blocks on either side of the stream. Upstream and to the east at the 
head of Wuppertal is Barmen, a Westphalian community. Down- 
stream, with no break in urban character, is Elberfeld, essentially 
a Rhineland town. This whole valley is a busy industrial area. 

As previously stated, even before 1900 the area experienced 
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enormous traffic difficulties. Narrow streets paralleling the Wupper 
River had to carry not only local traffic but also through-traffic 
passing down the valley from Dortmund to Cologne and the Rhine. 
Rapid transit surface and underground systems were considered 
and discarded as impracticable for that locality. 

The river occupied the only free space available, and the only 
way to use that space was to erect some type of elevated railway. 
Several elevated systems were investigated and were discarded as 
impractical. Because of the meanders of the river, standard elevated 
trains could not negotiate the numerous curves safely with any 
speed. Thus, Langen’s invention, the Schwebebahn, as previously 
mentioned, was the ideal solution for this transport problem. 

The engineer, Langen, first proposed the suspension line as a 
double-rail system with the car suspended pendulum fashion below 
the trolley assembly. ‘This solution would have created somewhat 
the same situation that made a normal elevated railway unfeasible 
because the suspended cars could not follow fully the arc resulting 
from centrifugal force on the short curves. His decision to use a 
monorail was a considerable technical advance, inasmuch as the 
car and its bogie supports began the pendulum action on the rail 
itself, permitting faster safe speeds on curves. Also, the monorail 
system reduced considerably and made much simpler the super- 
structure necessary to support the. cars. 


MONORAIL STRUCTURE OVER RIVER 


The monorail over the Wupper River is supported by sloping 
latticed box girders spaced every 80 to 110 feet. Horizontal steel 
plate girders join the supports at the top and form bearings for the 
bridge sections which carry the rails. To withstand the vibration in 
the structure from the passing trains, the lower ends of the box 
girders are equipped with flexible ball-and-socket joints. 

The sockets or baseplates are set in the stream-banks’ revetted 
masonry and rest on bedrock. At intervals of about 660 feet, or at 
every sixth support, the single supports are replaced by fixed double 
supports that stabilize the entire structure and accommodate ex- 
pansion joints to equalize the longitudinal expansion and contrac- 
tion of the supported trusses. For the shorter part of the monorail 
over a roadway, portal type plate girders support the bridgework. 

















MONORAIL TRANSPORTATION 17 


The trusses connecting each support are similar throughout the 
length of the monorail. Trapezoidal in cross-section, they have a 
single fixed bearing to support each end. The rigid joining of the 
trusses at a single point was designed to carry the torque created by 
the passing trains without overstressing the legs of the supports. 

Each of the bottom chords carries directly over it a track from 
which the trains hang. These tracks are spaced about thirteen feet 
center to center. Between the tracks is a platform for maintenance 
and inspection crews. Below the platform and inside the lower chords 
are the power rails from which trains draw electric current. 

The average height of the rails above the river is about thirty- 
nine feet and twenty-six feet over the road. Clearance under the 
cars is seldom less than three feet. ‘The maximum gradient on the 
monorail, four percent, occurs in the approach to the Vohwinkel 
terminal; total difference in altitude on the line is 128 feet. Cars 
turn on terminal loops having a radius of twenty-nine-and-a-half 
feet; the flexibility of the system is indicated by the radius of the 
sharpest curve on the line, 246 feet. 

Each track is one-way for its entire length, downstream on the 
right, upstream on the left. ‘Two-car trains, with maximum speed 
of twenty-five miles an hour, operating at an average speed of 
about eighteen miles an hour, can travel during peak traffic periods 
at a two-minute frequency. Although the speed may seem sluggish 
by American standards, the fact that the trains maintain near- 
maximum speeds between stations, and the ease with which addi- 
tional trains may be put in service during rush hours, make the 
monorail by far the fastest transport available to Wuppertalers, 
particularly when other means of traveling are tied up in the 
congested street traffic. During such periods, officials of the line 
estimate it can handle a maximum of 4,200 passengers an hour in 
each direction. The whole distance between the terminals is 
covered in about thirty-two minutes. 

Every train travels in a counter-clockwise direction and makes 
a full circuit of the system. Between the terminals are eighteen 
stations which serve traffic traveling in each direction. All stations 
are elevated to track level and on each side have platforms to permit 
loading and unloading three-car trains. 

The geographic character of Wuppertal makes branch lines un- 











18 TRAFFIC QUARTERLY 


necessary. The problems involved in constructing switching facilities 
to handle branch-line traffic, most of which are not present in 
normal rail traffic, may be one of the reasons why the suspension 
monorail has not been used more widely. 


OPERATIONAL STATISTICS 


Some further statistics with respect to the structures and the 
equipment should be of interest. 

The weight of the steel construction including that of the 
elevated stations, spaced approximately every 2,542 feet, is 19,200 
tons. 

The building costs for the total superstructure, including the 
running stock, amounted to 16,000,000 marks, or 1,000,000 marks 
a km, the costs for underground railway or elevated railway then 
being 4,000,000 to 6,000,000 and 2,700,000 marks respectively. 

The design of the cars made by the firm of Zypen & Charlier, 
Kéln-Deutz (the name was changed later on to Westwaggon), being 
that of all-steel cars, was far ahead of engineering of that time. 

At first in 1901, twenty-six cars with two motors of twenty-five 
kw each were operated. In 1903 another twenty-four cars aad in 
1912 another six cars were procured, to be followed in 1930 by two 
cars of latest design having motors of thirty-five kw each. To do 
away with the typical high whine noise, in 1941 one car was pro- 
vided with a worm-drive, the two motors of this car having sixty- 
five kw each. This kind of drive was maintained with the twenty 
cars obtained from Westwaggon, the two motors having forty-five 
kw each. These cars were obtained in 1950. 

The dead weight of the cars obtained prior to 1950 is 13 tons 
each, the capacity being twenty-five seats and forty standing places. 
The cars procured in 1950 have a dead weight of eleven tons only, 
permitting an increase in the loading capacity to thirty-one seats 
and forty-nine standing places. 

Each car can be operated individually, two cars form a train. 
They hang down from two pivotal tandem two-wheel bogie as- 
semblies connected to the car by yokes. Derailment is made impos- 
sible by means of special flanges. The trains operate on 600-volt 
direct current. 

The line is equipped with automatic safety signals which are 
operated by the trains on a station-to-station block system. In ad- 
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dition to this every train has its own telephone by means of which 
it is possible to ring up from a halting train either the front or the 
rear station. 

The brakes work on compressed air, the latter being obtained 
from steel pipes adjusted underneath the bottom of the cars. The 
pipes are filled at the terminals to about 150 pounds per square inch 
pressure, the brakes requiring about sixty-five psi to operate prop- 
erly. In addition each car has a handbrake. 

The Wuppertal Schwebebahn is the only commercial suspended 
monorail in the world. No other system is in a position to better its 
safety record. Since the line began operation, and up to the end of 
1954, more than 800,000,000 passengers were transported, the cars 
covering at the same time a distance of 150,000,000 km. Throughout 
this time there occurred only one passenger fatality (carelessness of 
the passenger). 

This means of transport is not susceptible to rain, snow or fog. 
On account of the ease with which additional trains may be put in 
service during rush hours, the suspension railway is by far the 
fastest transport available to Wuppertalers. They take a personal 
pride in their Schwebebahn—the mark of the town in the wreath 
of the green hills. 

It is not suprising that the ait of Wuppertal are proud of 
their monorail transportation facility. It serves them well. During 
my visit there I thoroughly enjoyed the experience of riding on their 
trains and examining the structure and equipment. The officials 
gave me considerable information presented in this article. 

After carefully considering all of the factors involved in devel- 
oping a suspended monorail system for use as a rapid transit facility 
in our cities in the United States, we must recognize that we would 
be dealing with much greater traffic volumes than those carried 
on the monorail at Wuppertal. The difficulties involved in the 
switching operations is a matter which would have to be solved. 
This would require considerable research and development. 

There is no doubt that for a situation similar to that in the 
Wuppertal River Valley, the Schwebebahn might be an economical 
and very desirable solution. But I have come to the conclusion that 
a special case exists at Wuppertal and could not have general ap- 
plication. 

The suspended monorail should not be ruled out completely 
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and the officials at Wuppertal believe that a suspended monorail, 
with normal speeds of forty to fifty miles an hour, and capable of 
a top speed of about 100 miles an hour, is not impracticable. 

However, they indicate that they would recommend one sig- 
nificant departure from the present design. Instead of using portal, 
or other closed-type supports for the track platforms, they would 
use ‘T-supports in which a single row of columns would carry the 
overhead tracks. Such a design would be worth investigating. 

Another monorail installation I visited in Germany was near 
Cologne. On July 23, 1957, at Fuhlinger near Cologne, the Alweg 
monorail—the project of the Swedish industrialist, Dr. Wenner- 
Grenn—was demonstrated for the first time, with a normal-size 
railway coach on it. 


SUPPORTED MONORAIL SYSTEM 


The Alweg is claimed to have several advantages over orthodox 
railways. Preceding the development of the full-sized equipment, a 
scale model had been in operation for some time as an experiment. 

Two days after the initial showing, I rode this new monorail and 
inspected the various construction features—supports, the rails, the 
stations, and the equipment. 

This full scale test installation was about a mile long. The 
Alweg system is a supported monorail and travels on top of the rail. 
The rail is constructed of reinforced concrete, rectangular in shape, 
and wide enough to permit two adjacent rubber-tired wheels to 
run on the top. 

The depth of the rail is approximately six feet for 100-foot spans 
between supports. Installed on the cars are sets of rubber-tired 
wheels that have contact with the running rail both at top and 
bottom and on both sides. These wheels act as couples to maintain 
vertical stability and resist horizontal wind or centrifigal forces on 
curves. 

The cars of the Alweg system have two bogies situated longitu- 
dinally in approximately the same position as on conventional cars 
and the driving wheels are located on the top of the running rails. 
The switching arrangement in the Alweg system requires the entire 
running rail to move from one location to another. 

Speeds of up to eighty km an hour are claimed for the Alweg 
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trains, with an average speed of forty-three km, that would include 
stops at the stations, approximately 750 meters apart. Trains con- 
sist of two cars with a capacity of 100 persons each. Rubber tires 
reduce the noise considerably over systems operating with steel 
wheels. 

The Alweg system, being a supported monorail, would seem to 
have certain advantages over a suspended operation. It would seem 
possible in many cases to run this system on grade. That would 
eliminate the cost of supporting column structures. It should repre- 
sent a substantial saving in cost. 

I am generally familiar with a number of monorail projects 
developed in the United States but these are of a special nature, 
serving in general traffic that would be considered recreational in 
nature rather than a rapid transit operation. I consider them still 
in the experimental stage, though they have provided successful 
service for the purpose for which they were designed. 

In my studies of the problems concerned with the development 
of facilities for serving mass transportation in our major cities, I 
have given consideration to the development of monorail as well as 
to modernized developments of other types of facilities. A discussion 
of the merits of these alternate proposed developments is beyond 
the scope of this presentation. 

With respect to the use of monorail systems in solving some of 
the problems of mass transportation in our major cities, it is my 
belief that much additional research is required before anyone 
could hope to recommend for adoption such a system as a solution. 

Do not rule it out. Continue your research, particularly with 
additional pilot studies, to arrive at an answer that might provide 
rapid transit service at lower cost than would be possible through 
the development of the conventional elevated and subway systems. 
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ELGIUM, for generations the cockpit of the western world, now 

finds itself under assault by Europe’s traffic. Ten years ago all 
European countries except Spain, Ireland, Russia, and Bulgaria 
agreed on a 26,000-mile international road network. Many of the 
agreed routes pass through Belgium, lying as it does at the inter- 
section of the England-Germany, Scandinavia-France road net- 
work. 

The formation of trade and military alliances, O.E.E.C., 
N.A.T.O., the European common market, has attracted consider- 
able international activity, and resultant traffic, into the country. 
The effect is particularly noticeable in Brussels, the capital, which 
is geographically central. 

After the war only 100,000 vehicles were left in Belgium. Less 
than half were cars. By 1956, the total had multiplied sevenfold. 
Including motorcycles, the total approached one million. At that 
time there was one vehicle (four-wheeled) to every fourteen persons. 
Saturation was expected to be reached with the equivalent of one 
vehicle to every family (in Belgium the average family is about 
three persons). 

The annual increase in vehicles registered in the country was 
ten percent at this time, mid-fifties. For Brussels, where one-fifth 
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of the country’s cars were registered, the increase was slightly higher. 
In 1954, a traffic analysis showed that 9,000 vehicles a day passed 
through Brussels, 78,000 vehicles a day had their origin or destina- 
tion within the city, and the flows at various cordons around the 
city were distributed as shown in Figure 1. Peak-hour traffic was 
estimated at fifteen percent of the daily total. 


CEINTURE 





LE RING 


Figure 1. Radial Traffic Movement—per day 1954. 
Plus 9,000 through vehicles, 


Losses in time, fuel, accidents and vehicle-wear for by-pass 
traffic alone amounted to two-and-a-half million dollars a year. 
By-pass traffic was about ten percent of the total city-bound traffic. 

The need for an adequate road system was obvious; the impor- 
tance of Brussels in the national road system indicated that the 
work should start in this city. The prospect of the World Exhibition 
in 1958 with the associated influx of cars made the work urgent. 
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In August 1955, a road authority was established by law for a 
period of fifteen years, and an inviolable road fund with authority 
to borrow up to the equivalent of 600 million dollars with state 
guarantee was created. The first public bond issue worth fifty 
million dollars with a four-and-a-quarter percent annual interest 
free from all present and future state and local taxes was immediately 
oversubscribed. 

The form that the new road system should take was explored. 
The usual three alternatives were considered: 

1. Close the inner city to private cars, only public transport to 
be allowed to move people in that area. 

2. Build a full system of freeways into the city center and provide 
parking garages at terminal points. 

3. Adapt existing roads to carry increased traffic flows. 

The first choice was rejected ; the Belgians are individualists and, 
perhaps because of their history, they value freedom. The prospect 
of everybody being bundled into the trams held little appeal. This 
is understandable as the Brussels trams in the peak loading period 
provide a poor comfort standard, though friendships are easily 
made. 

It is regrettable that little effective effort has been directed 
toward developing higher standards of comfort, speed and fre- 
quency of the public transport vehicle so that the public might be 
encouraged to use it and not be driven in frustration to the private 
car. There can be no doubt that it would be futile to close the center 
of a capital city to the private motorist, but it is well understood that 
vast sums of money otherwise required for roads and parking 
garages could be saved if public transport could be made more 
appealing. 

Obviously the second alternative was out of the question. It was 
not only a matter of finance and demand on land space but, more 
important, Brussels is an outstanding example of a continental city 
in evolution embodying over a thousand years of development. One 
cannot destroy what this represents. 

The third choice was adopted and a triumph of traffic engineer- 
ing it is. Brussels began its existence when in 997 A.D. a fortress was 
constructed on one of a number of islands in the river Senne. It 
was on the trading routes and the fortress grew into a town which 
by 1250 had a population of 30,000 and had developed a linen 
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industry. A hundred years later a wide defensive wall was built 
around the city. During the fifteenth and sixteenth centuries Brus- 
sels became one of the great intellectual, artistic and scientific 
centers of Europe and reached its summit of wealth and power. 

From 1556 until its independence in 1830 Belgium was con- 
tinuously occupied by its neighbors, France and Holland, or by 
Austria and Spain. It appears part of Belgium’s destiny to be oc- 
cupied by oppressive powers, Kaiser William and Herr Hitler 
maintaining the tragic tradition. By 1830, however, Brussels had 
a population of 100,000 and, with the onset of the Industrial 
Revolution, the population trebled in forty years. 


RING BOULEVARD NOW AN EXPRESSWAY 


During this period of expansion the protective wall built in 1350 
was demolished and a ring boulevard some 250 feet wide was 
formed. The boulevard, divided into avenues by rows of elms which 
defined the vehicle roads, riding lanes and promenades, was flanked 
by the elegant houses of the aristocracy and wealthy merchants. It 
is this boulevard which has now been adapted as an expressway 
and forms, to date, the main feature of the new road system. 

Brussels continued to expand and wide radial avenues were 
formed leading to and beyond a second boulevard similar in section 
and character to the first. This boulevard is now known as the 
Grande Ceinture (Big Belt) and the inner boulevard built on the 
lines of the old protective walls is referred to as the Petite Ceinture 
(Little Belt). 

Thus Brussels in the mid-twentieth century found itself provided 
with the basis of a ring and radial system of roads. 

A third ring, the outer (actually known as “‘le Ring’), is pro- 
posed. Only a four mile section, plus a short portion, has so far been 
built. 

The three rings have average radii of one mile, three miles and 
five miles. 

In the light of recent evidence concerning the destination of 
traffic approaching large cities, the validity of this outer ring road 
may be questioned. Though it has been shown that for larger cities 
some ninety percent of the approaching traffic has its destination 
within the city, there is still the remaining ten percent which 
wishes to by-pass. 
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Comparatively the latter percentage may not be high but never- 
theless for a city the size of Brussels (population 990,000) the number 
of vehicles represented is considerable, most certainly a greater 
number than would wish to penetrate some of the smaller cities. 
The special nodal position of Brussels emphasizes the importance 
of through-traffic. 

To the by-pass traffic figures can be added the total of those 
vehicles moving from one perimeter area of the city to another 
which in the absence of a suitable motor route tend to attempt to 
save time by taking a straight line across the city—adding to the 
congestion of the inner area. 

The formation of le Ring is therefore of high priority and a start 
has been made by constructing that section connecting the Antwerp 
Autostrade (leading to North Belgium and Holland) and the 
Ostend Autostrade (leading to the coast and finally England). It 
is where le Ring joins the Autostrades that two of Europe’s most 
complex road intersections are formed. Neither are as yet complete. 

One, the Strombeek-Bever junction, connects le Ring to the 
Antwerp Autostrade. The other, the Grande Bigard, forms the 
terminus of the Ostend Autostrade. The remainder of le Ring is to 
be formed at part-expressway and part-freeway standard. Though 
construction is not yet under way the right of way has been pur- 
chased. 

Unlike the boulevards, the proposed line of le Ring is based on 
no more than a series of nondescript roads and lanes and the 
formation of the route will be a major operation. Existing roads 
only twenty-eight feet wide and carrying a double tramway are to 
be rebuilt, an eight foot three inch median separating two uni- 
directional carriageways twenty-one feet six inches wide with eight 
feet three inches for parking on each side. The trams, where following 
the same route as the roads, are to have their own twenty foot wide 
location, similarly for the cycles, which will have tracks separated 
from the motor vehicle roads. 

In the original proposals most of the eastern section was to take 
the form of two twenty-three foot roads separated by a twenty-three 
foot median, local roads twenty feet wide being separated from the 
central through section of the route by ten foot wide planted strips. 
However, new standards have recently been adopted and the main 











ROAD RECONSTRUCTION IN BRUSSELS 27 


ee 








\ 


Antwerp 
and 
Holland 


STROMBEEK-BEVER { 
INTERSECTION} 


~ 
"Pee cen, eeet™® 


Ghent 
and 


England QW 
. or 
‘ . feeee o* 


GRANDE BIGARD 
INTERSECTION @® 
a 
© 
~ 
* 
. 
s 
e 


PETITE CEINTURE 


(Little Belt) 
‘ 
te — 
‘., “ey 
, GRANDE CEINTURE 
: ®oe0%* (Big Belt) 
° | 
° ’ LE RING 
e 4 4 4 
@ Paris Completed Radials .—. 


Projected Radials — ...csssessse 
Completed Rings 
Projected Rings ecce 


Figure 2. Plan of Ring and Radial System. 











28 TRAFFIC QUARTERLY 


carriageways will be twenty-five feet wide with a thirty-eight foot 
wide median to allow a future third lane in each direction. 

Two-thirds of le Ring, from the northeast round via the west 
to the southeast will take the standard of a freeway having a 
thirteen foot median separating three lane thirty-eight foot six inch 
wide carriageways. Shoulders, sixteen feet six inches wide, of which 
ten feet is hard, are also to be provided. 

It should be explained that the terms freeway and expressway are 
somewhat loosely used. The type of road classed as a freeway cor- 
responds to the English term “motorway,” where the British Road 
Federation’s definition is: 

“A Motorway is a highway limited to motor vehicles with two 
separate carriageways each wide enough for at least two streams of 
traffic. Drivers can get on and off it only at specially designed junc- 
tions. It has no traffic crossing it; other roads go either over or 
under it.” 

Open to more flexible interpretation is the term expressway. It is 
used to cover that form of road which though not up to freeway 
standard is designed as an even-flowing vehicle route, not as an 
all-purpose thoroughfare. 


THE INTERMEDIATE RING 


The Grande Ceinture, the intermediate ring road, is complete 
apart from the southwestern and southern portions. The traffic 
engineering problem was the conversion to an expressway of a 
series of boulevards varying in width and the allocation of parts of 
those widths between the requirements of trams, cars, parking 
space, cyclists, horse riders and pedestrians, plus two, and in some 
cases four lines of trees. 

In the reconstruction the tramway is generally retained on its 
original location and the through road, which is immediately along- 
side, consists of two one-way twenty-three foot wide carriageways 
having a nine foot median formed on a line of existing trees. New 
eight foot three inch flanking strips are planted with mature trees 
and separate the through carriageways from the nineteen foot local 
service roads on each side of the boulevard. 

On unimproved sections of the Grande Ceinture it has been 
possible to provide “‘saw toothed” parking spaces alongside the 
through carriageways by removing alternate trees from the adja- 
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cent planted strips. Additional parking is provided at the curb of 
the one-way local service roads. 

Traffic signals controlling intersections are synchronized to 
permit an unimpeded flow on the through route. 

The northeastern section of the Grande Ceinture contains two 
major bridges, one over a railway, the Teichmann, and the second 
over a canal, the Van Praet. Between the two the forty-six foot 
wide four-lane central carriageway forms an underpass to avoid 
confliction with an intersecting road. The adjacent local service 
roads become acceleration-deceleration lanes and also serve the 
canal wharves. 

After rising to cross the two-span Van Praet bridge the road 
continues to its northern arc, utilizing as separate uni-directional 
ways two existing roads. These have been respectively enlarged 
from twenty-eight feet to forty-four feet six inches and twenty-three 
feet to thirty-four feet six inches. As this section of the road lay 
alongside the well-wooded Royal Park the removal of one row of 
trees, on the side of the road adjacent to the Park, in order to pro- 
vide a third traffic lane was considered permissible. ‘The tramway 
is taken underground for this last section—it emerges to have its 
own separated location. 

Continuing north past the Royal Park, the road meets the 
Antwerp-Holland Autostrade, the junction at this point takes the 
form of a sunken roundabout with the through roads separated and 
carried over. The frontage roads of the Autostrade connect with 
the roundabout as do the other local roads. After making a common 
route for a short section with the frontage roads of the Autostrade 
the Grande Ceinture turns southwest then south, utilizing im- 
proved existing roads as before. 

Traffic wishing to transfer to le Ring can do so by moving from 
the frontage roads to the Autostrade itself and after a short distance, 
connection with le Ring can be effected via the Strombeek-Bever 
intersection. 


THE INNER RING 


The ring around the city core is formed on the line of the con- 
centric boulevards built between 1830 and 1840—it assumes the 
plan shape of a pentagon. 

The western portion of the inner ring, Petite Ceinture, has yet 
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to be brought up to expressway standard. This will be done under 
a future program. The rest of the ring is complete. 

Moving from south to north the first work of major importance 
is at the intersection formed with the heavily-trafficked Avenue 
Louise. This two mile long radial is restricted in width from 174 feet 
to sixty-five feet for the last 200 yards before it joins the Petite 
Ceinture. Moreover, a two-line tramway occupies the center of the 
bottleneck. 

Nevertheless some 40,000 vehicles a day passed through this 
narrow channel which has a combined carriageway-tramway width 
of only forty-six feet. Another 32,000 vehicles a day passed along 
the existing boulevard, almost a half turning at the intersection. 
From the Avenue Louise there is a pronounced flow turning north 
to the Petite Ceinture. 

Two underpasses have been constructed to carry the cross flows. 
The underpass on the line of the Avenue Louise commences before 
the bottleneck and crosses below the underpass taking the through 
traffic of the Petite Ceinture. The former tunnel is 1,380 feet long 
and approached from the Avenue Louise by a 490 foot long ramp, 
the ramp at the city end being 330 feet long and divided into 
separate carriageways flanking and thus avoiding conflict with the 
surface tramway. 

A two-lane link underpass twenty-one feet six inches wide is 
provided to take the Avenue Louise to Petite Ceinture traffic; it 
absorbs eighty-five percent of this turning traffic. Both the main 
underpasses are forty-four feet six inches wide, taking two lanes of 
traffic in each direction. An extra lane is provided on the Petite 
Ceinture to receive the turning traffic from the Avenue Louise. The 
Petite Ceinture tunnel absorbs fifty-eight percent of the north-south 
traffic and fifty percent of the opposite flow. The deeper tunnel 
linking the Avenue Louise radial to the city core takes seventy-seven 
percent of the city-bound traffic previously going through the 
bottleneck and forty percent of the flow in the opposite direction. 

The cross section of the Petite Ceinture in the vicinity of the 
Avenue Louise intersection is a two-way four-lane forty-four foot 
six inch wide central road without a median. On each side of the 
through carriageways is a twenty-one foot six inch wide two-lane 
one-way road acting as continuous acceleration-deceleration lanes. 
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Figure 3. Plan of Petite Ceinture. 
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These are in turn flanked on one side by the two-way tram tracks 
and one line of “‘saw toothed”’ parking approached from the local 
service road and on the other side by two lines of saw-toothed park- 
ing with a central access lane. Finally, adjacent to the buildings are 
the two-lane one-way twenty foot wide local service roads. 

Going north from the Avenue Louise intersection the Petite 
Ceinture passes through the Porte de Namur and the Place du 
Trone (certain parts of the boulevard are still referred to as the 
Porte de ..., Gate to... , as these places were originally 
the sites of gatehouses forming part of the medieval protective wall). 
The reconstruction of the boulevard at these intersections does not 
yet involve underpasses but the existing thirty-eight foot road has 
been widened to ninety-three feet six inches which will allow a 
forty-four foot six inch wide underpass and leave the adjacent 
access-egress lanes on the surface to connect with the intersection. 

Farther north along the Petite Ceinture are two underpasses 
similar in design, one taking traffic below the intersection with the 
Rue de la Loi and the second under the Place Madou. Both 
intersections were developing heavy cross flows following intensive 
office development in their vicinities. The junction of the Petite 
Ceinture-Rue de la Loi was rated as the fourth worse in Brussels— 
it carried 28,000 vehicles daily. The underpasses carry the four-lane 
through road down steep but short ramps. The access-egress lanes 
continue at surface level as do the service roads adjacent to the 
buildings. 


NEW ROAD LINKS TWO TUNNELS 


The formation of the remainder of the Petite Ceinture has en- 
tailed almost continuous reconstruction of the existing boulevard. 
There is first a long underpass followed by an open section of through 
road situated alongside the existing boulevard, then another under- 
pass. Shortly after the surface is regained the road is carried up onto 
a viaduct and becomes a radial route leading to the Grande 
Ceinture. 

The first tunnel is approached by a ramp 390 feet long, the 
tunnel is a further 840 feet long. The traffic is carried under the 
Place Quetelet and the Rue Royale at the Porte de Schaerbeek. 
In 1955 over 34,000 vehicles a day passed through the Place 
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Quetelet, the traffic on the overloaded carriageways being in conflict 
with the tramways which cut across the through route; this conflict 
was aggravated by a heavy flow turning onto the radial formed by 
the Rue Royale. 

The tunnel having passed under the Rue Royale emerges to the 
side of and at a level lower than the existing boulevard. It encroaches 
on the area of the Botanical Gardens which are also at the same 
depressed level. This arrangement was necessary as the existing 
boulevard at this point was little more than 100 feet wide. Local 
traffic uses the boulevard having a carriageway fifty-nine feet wide, 
the trams having a separate location alongside. 

The new road serves as a link between the two tunnels. It does 
not give access to the adjacent buildings, therefore the acceleration- 
deceleration lanes leading to local frontage roads are not required. 
It was only necessary to acquire from the Botanical Gardens a width 
sufficient to take the through four-lane road. 

One egress lane is in fact provided at the lower corner of the 
Botanical Gardens. This provides a link to the North Station and 
the commercial area adjacent. 

After passing the Botanical Gardens the through four-lane road 
enters the tunnel under the Place Rogier. This square was considered 
as the third worse traffic intersection in Brussels. Not only did several 
main routes converge there but a complex system of tramways 
criss-crossed the through carriageways. wo main shopping streets 
also open onto the square. 

In 1955 over 36,000 vehicles a day passed through the inter- 
section. As the through traffic is now taken under the Place Rogier 
the surface becomes capable of carrying the local traffic, the tram- 
ways being rationalized and given reservations separate from the 
motor vehicles. 

West of the Place Rogier lie two more intersections, the Place 
de l’Yser and the Place Sainctelette. This area was the location of 
the worst traffic problem in Brussels. All the long distance traffic 
for Ghent and the coast and a large proportion of that for Antwerp 
and Holland moves through this area. These two trunk routes are 
the most densely loaded in the country. 

The efficient, or otherwise, functioning of this area, therefore, 
has national as well as metropolitan repercussions. Though there 
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were a steady 40,000 vehicles a day passing through the Place 
Sainctelette in 1955, the real crises were occasioned by the tremen- 
dous flows arising from the coast-bound holiday traffic. 

The through traffic had to be separated from the purely local. 
Owing to the presence underground of the culverted river Senne 
and a wide canal that crosses under the existing road, an overhead 
route across the two squares was the only solution. The viaduct to 
carry this route has three lanes instead of the four normally provided 
for through traffic; it has a carriageway width of twenty-nine feet 
six inches. The center lane is reversible with overhead signals con- 
trolling its use. 

So that the viaduct should have a structurally light appearance, 
its use is restricted to vehicles not exceeding five tons loaded. Owing 
to the cantilevered form of the viaduct it is possible to site under it 
two sets of two-way tram tracks. This independent location avoids 
conflict with the local traffic moving on the twenty-four foot six inch 
wide carriageways at ground level on each side of the viaduct. A 
ten foot wide service road is formed between the building frontage 
and the twenty-four foot six inch carriageway—there is no dividing 
median. The viaduct has a 290 foot long ramp rising from the Place 
Rogier. The viaduct is 4,750 feet long, and straight in alignment. 
The carriageway is twenty feet above the existing roads and returns 
to ground level by a ramp 270 feet long. Other than the two 
terminal ramps there are no other ‘points of access or egress. 

Although the viaduct has its city terminal ramp on the Petite 
Ceinture the latter turns southwest at the place Sainctelette and 
the viaduct continues northwest at a tangent to the Petite Ceinture. 
It resumes a grade location and serves as a radial link to the western 
sector of the Grande Ceinture and on to the line of le Ring and the 
Ostend Autostrade. 


RADIAL ROUTES 


The three ring roads and the metropolitan area beyond are 
linked by a series of radial routes, all of which have been in existence 
for many years. In the improvements made to these roads no tun- 
nels or viaducts have been provided; the work has taken the form 
of providing separate locations for trams, utilizing cycle tracks for 
vehicular traffic, building a new carriageway in the unused avenue 
between existing trees, on certain roads the removal of one line of 
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trees, and where footpaths were unnecessarily wide the excess width 
has been added to the carriageway. 

Three examples will suffice to show the type of improvement 
that has been possible. 

The Avenue Louise, mentioned previously in connection with 
the intersection on the Petite Ceinture, carried 20,000 vehicles a 
day in 1955. In order to receive the traffic rising from the tunnel 
under the intersection, the two line tramway has been taken from 
the central roadway and placed on unused ground between two 
rows of trees. The resulting carriageway is five lanes wide, the 
central lane being reversible. 

By reducing the footpaths flanking the Rue de la Régence by 
one foot six inches each, it has become possible to carry two lines 
of traffic instead of one on each side of the central two-way tram 
track. 

The Allée Verte had an inefficient cross section—in a width of 
122 feet only four traffic lanes were provided. The reconstruction 
has necessitated the removal of one line of trees but allows six 
traffic lanes plus two cycle lanes plus two lines of parking. Further- 
more, two planted medians have been provided between the through 
carriageways. 


PARKING 


An integral part of the Brussels traffic plan is the provision of 
parking space. 

Parking garages have been built in the core of the central area 
by the Ministry of Public Works and Reconstruction, by the City 
Authority and by private enterprise. More garages are under con- 
struction at the moment. It is perhaps significant that when the 
author visited the various garages only the one nearest the Petite 
Ceinture was reasonably full; the others were only about twenty 
percent occupied and two garages seemed to be used almost ex- 
clusively for the storage of new cars awaiting buyers. 

It may be that the Brussels motorist is prepared to keep to his 
car for only as far as the roads are designed primarily for vehicular 
movement. When this condition is no longer satisfied, he seems to 
put his car in the nearest parking space and then walk. One wishes 
this were a proved practice and not solely conjectural. 

The layout of surface parking spaces on the Petite Ceinture does 
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encourage parking adjacent to the inner ring. From the Place 
Louise to the Place Quetelet two rows of saw-toothed parking with 
internal access lanes have been provided on the city core side of 
the through road. Though not continuous, a single line of parking 
accessible from the frontage road is provided alongside the tram 
tracks on the opposite side of the main carriageway. The roof over 
the underpass at the Place Louise is also used to provide two rows 
of parking spaces. 

Over six hundred surface parking spaces are available in the 
area of this intersection. The total number of spaces on the Petite 
Ceinture between and including the Porte de Schaerbeek and the 
Place Louise is over sixteen hundred. Other parking spaces are 
provided, on a lower scale, on the remaining sections of the Petite 
Ceinture. One line of parallel parking is provided on each side 
below the viaduct plus space at the curbs of the flanking local 
service roads. 

Provision for parking is also afforded along the Grande Ceinture 
and the radial routes. 


PLANTING 


Brussels is a city that is justifiably proud of its tree-lined boule- 
vards, the finest example, until 1956, being that of the west section 
of the Petite Ceinture where six lines of magnificent elms defined 
the avenues. 

It was with feelings ranging from dismay to those of near vio- 
lence that citizens greeted the news that these elms and other 
trees would have to be removed in order to reconstruct various 
roads. Though the city authorities had stated that a high proportion 
of the elms of the Petite Ceinture were diseased and would have to 
be removed, the opposition to their removal did, at one time, 
threaten to stop the proposed reconstruction being put into effect. 

It was obvious from the detailed proposals of the Ministry of 
Public Works and Reconstruction that meticulous care had been 
exercised in order to preserve as many trees as possible. The pro- 
posals of the Ministry were not only of a preservationist nature but 
positive action was proposed to: 

1. Reinstate the Petite Ceinture. 

2. Develop the existing planting on the Grande Ceinture and 
radial routes. 
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3. Insure that the route of le Ring would be effectively land- 
scaped. 

The quarter section of le Ring from the south to the east either 
runs through or borders on the superb Soignes forest; there is a 
great opportunity to provide a setting in scale with the roadworks. 
It is intended to plant along the route of le Ring clumps of mature 
conifers which in their development to tall proportions will also 
reflect the scale of the freeway. 

The connected boulevards forming the Grande Ceinture are to 
have their homogeneity preserved by the planting where necessary 
of either the shady plane tree, to emphasize the long avenues, or, 
where the boulevard is sufficiently wide, the horse-chestnut. In 
sections where the space for planting is somewhat restricted, the 
Crimean lime will be used. 

The four lines of pink and white chestnuts that made the radial 
Avenue Louise so famous have been retained. 

The Petite Ceinture has been replanted with the plane tree. 
Like their predecessors, the elms, the planes are set in avenues and 
are regularly spaced. Instead of six rows, however, the planes are 
in four rows, one on each side of the tram tracks and the other two 
are in the perimeter spaces provided by the saw-toothed layout 
of the surface parking areas. A line of trees is to be planted on each 
side of the viaduct. 

The new trees have been brought from nurseries and provincial 
roadsides. As they vary in age from ten to twenty years, the prickly 
effect given by staked saplings is avoided. 


CONSTRUCTION 


Apart from the underpass at the Place Madou which was built 
in five months during 1959, the work on the Petite Ceinture was 
completed in the winter of 1957. The longest period of construction 
for any individual portion was eighteen months, the project being 
the crossover tunnels at the intersection of the Avenue Louise. 

Except for the lower tunnel (Avenue Louise to city core) and 
the connecting tunnel (Avenue Louise to Petite Ceinture) all the 
underpasses were constructed in open cut. The underpass ramps 
consist of two vertical reinforced concrete retaining walls having 
wide reinforced concrete strip bases. As the depth of the ramp 
increases the bases are extended inward to meet and form a base 
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for the carriageway. A reinforced concrete top slab is added to 
form the roof of the underpass. 

The viaduct is carried on a single central row of reinforced 
concrete columns eight feet long by four feet wide, which have 
rounded ends. The spacing of the columns varies slightly but is 
generally about eighty feet. The columns are carried on slab bases 
each having eight supporting piles. The carriageway is twenty-nine 
feet three inches wide though the width over the cantilevers is 
thirty-eight feet six inches, the difference being taken up equally on 
each side with safety curbs (having recessed lighting fittings), 
maintenance walkways and railings. The central section of the 
viaduct is a box beam seventeen feet nine inches by five feet deep 
which spans between the columns. 

This beam was cast and prestressed in-situ, the prestressing 
being longitudinal only. The Magnel-Blaton system was used with 
eight fifty-eight wire cables. The projecting cross reinforcing bars 
of the box beam tie in the cantilevered wings of the viaduct—these 
are in normal reinforced concrete cast in-situ. The viaduct was 
built at a rate which exceeded 100 yards a month. 


ECONOMIC BENEFITS 


The Director General of Roads in the Belgian Ministry of 
Public Works and Reconstruction, Monsieur H. Hondermarcgq, 
has, in a book entitled “Roads and Their Traffic,” contributed a 
chapter on urban motorways. He gives the following information 
regarding a study made of the economic benefits arising from the 
reconstruction of the Petite Ceinture. 

The Petite Ceinture in a total length of four-and-a-quarter miles 
has two-and-three-quarter miles where continuous flow is main- 
tained, the remainder having grade crossings. 

The gain in time has been calculated on a uniform basis of seven 
percent an hour during daytime and does not include non-working 
days. The annual benefit resulting from time saving js estimated to 
be over three million dollars by 1967. In the first year the gain was 
calculated at two million dollars. 

Savings in accidents, based on 200 dollars being the cost of an 
accident and a reduction of fifty percent in the rate of accidents 
per vehicle mile, are for 1958 over 300,000 dollars, and by 1967 the 
annual gain will be over half a million dollars. 
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Together with the increase in adjacent land values the total 
saving for the first year of operation is estimated at four million 
dollars and for 1967 the saving will be 6,300,000 dollars. 

If the simple underpass of the Rue dela Loi intersection by per- 
mitting a free flow instead of the stop and go of previous congestion 
saved each driver no more than two cents, its construction would 
be covered in two years. 

It is estimated that the accrued net benefits gained by the Petite 
Ceinture will have covered the investment expenses by 1962, i.e. 
after four years of use (the gross as represented by savings in fuel, 
maintenance, time and raising of land values, the net being those 
savings minus working costs, interest and repayment of the capital 
invested on the basis of depreciation figured at a 25-year life for 
structures and 50 years for the road itself). 


COMMENT 


Brussels was outstandingly fortunate in having available, in the 
right place, such wide boulevards and radials. Furthermore, the 
geography has, with minor exceptions, afforded an almost flat route 
and, owing to the large areas taken by the bastions built at each 
change of direction of the old protective walls, curves of adequate 
horizontal radii are possible. 

The Petite Ceinture is, of course, essentially a distributor, but 
having many intersections it loses and gains only a small percentage 
of its total through-traffic at any one junction. The almost indis- 
cernible departing and arriving manoeuvre testifies to the excel- 
lence of the traffic engineering design—it incidentally gives the 
impression that there is an unchanging cavalcade flowing along 
the carriageway. 

The intersection that does have the highest percentage of turn- 
ing traffic is that formed with the Avenue Louise. At the moment 
the out-of-city left turn takes place on the surface. This serious draw- 
back will be overcome in the near future for in the redevelopment 
of the southwest corner of the intersection provision will be made 
for an underground link. 

The link will take the form of a 270 degree right turn carried 
out in a branch tunnel leaving the upper tunnel of the Petite 
Ceinture and dropping in its arc to reach the level of the Avenue 
Louise tunnel. When this link tunnel is constructed, all major 
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traffic movements at the intersection will be grade-separated. 

Traffic studies by the Ministry’s engineers revealed that for a 
signal-controlled intersection the flow could not exceed 500 vehicles 
per lane per hour. However, a flow of 1,400 vehicles per lane per 
hour could be achieved with grade separation. 

Grade separation having been achieved, only the turning traffic 
and radial cross flows take place on the surface and these are con- 
trolled by signals which allow a separate period for the turning 
movement. The pedestrian is guided by small low-level signals. 

Supporting the traffic signals are the road markings which pre- 
pare the left turning vehicles and guide the arriving flows onto the 
through carriageways. In their silent effectiveness these road mark- 
ings are worthy of a study in themselves. 

In contrast to the excellent road markings on the Petite Ceinture 
is the low standard of the direction signs. It can only be assumed 
that the driver using this inner ring already knows his city. Perhaps 
this is reasonable, for the by-passing driver uses the Grande Ceinture. 
Though not confirmed, it is suspected that there was a desire to 
avoid iarge direction signs which might disrupt the character of 
the boulevard. 

In order that the existing buildings flanking the boulevard 
might continue their use undisturbed by the through traffic, two- 
lane one-way frontage roads have been constructed. They are 
generally twenty feet wide and replace the previous roads which 
varied in width between twenty-four feet and twenty-seven feet— 
too wide for two slow lanes, too narrow for three lanes. Parking is 
allowed on a strip between the frontage road and the through car- 
riageway or at the curb. 

The frontage roads assist in the maintenance of access control 
as all the minor side streets open onto them. Connection between 
the frontage roads and the acceleration-deceleration lanes is made 
at the intersections. From observation it appeared that the adjacent 
uses do not generate any significant traffic flows. 

The frontage roads, in giving manoeuvring space to car parking 
areas, acting as collector-distributor lanes and freeing the through 
route of stopping and starting traffic, are primarily an adjunct to 
the through carriageway and incidentally useful to the existing 
uses along the boulevard. 

The underpasses though steep, about seven percent, are quite 
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short. Besides satisfying the normal traffic engineering requirements 
of slope, width, clearance, etc., the underpasses have obviously been 
the subject of considerable detailed design. For instance, as the roof 
is the dominating feature, the lighting fittings, which are continuous 
and appear as a white line, have been used to indicate the line of the 
route. In the tunnel under the Avenue Louise bottleneck the junc- 
tion of the link tunnel is first indicated by a spur line of lighting 
fittings leading to its entrance. 

The ramp sections are illuminated by fittings recessed into the 
retaining wall just below the top. These lights cancel any shadows 
projected by the lanterns illuminating the adjacent surface roads. 
The line of light formed by the recessed fittings also serves to indicate 
ground level to the driver who is thus better able to judge when he 
will be meeting traffic from the acceleration lanes which he joins 
at surface level. 

To differentiate between the ramps and the covered portions 
of the underpasses the walls of the ramps are lined with a dark 
colored slate and the walls of the underpass sections are faced with 
light colored tiles. The light colored walls also help to indicate the 
horizontal limitations of the carriageway. As the underpass road 
surface is of concrete and that of the ramp of bituminous macadam, 
the driver is left in no doubt as to his position under the intersection. 

The tunnel lighting is brilliant. In some sections the two bands 
of lights are each three fluorescent units wide and each unit has 
four rows of tubes. During daylight the lighting is designed to de- 
crease in intensity away from the entrances where the level of 
illumination is controlled by photo-electric cells. At night the light- 
ing increases away from the entrances. 

The only section of road above ground level is the viaduct which 
leads as a radial from the Place Rogier over the Place de l’Yser and 
Place Sainctelette. It was intended that the viaduct would carry 
the normal four-lane width of the through road. However, the prop- 
erty owners along the 150-foot-wide boulevard raised all the usual 
objections that face a new road proposal and succeeded in having 
the carriageway reduced to three lanes. Nobody, except the original 
objectors, pretends that this is a good solution. With the ever- 
increasing traffic flow it will soon become obvious that the viaduct 
is lacking in capacity. 

Perhaps some good will be done if the lesson is taken to heart and, 
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in future, local interests will not be allowed to take preference over 
the benefit to the general public. The three lanes are operated in 
accordance with the peak flows. Overhead signals control the direc- 
tion of flow in the middle lane. Owing to the custom in Belgium of 
a light breakfast and a substantial lunch taken at home, there are 
four peaks during the normal working day. 

As heavy-goods vehicles, traveling in the single lane direction 
would hold back the faster moving private cars and thus reduce the 
efficiency of the only lane available, it was decided that vehicles 
over a weight of five tons would be required to remain on the ground 
level roads. This restriction had the immediate advantage of ena- 
bling the viaduct to be designed to the lighter loadings sufficient for 
the car. 

The viaduct is a simple, unaffected structure; the light loads and 
narrow width, of course, make for a light appearance. Its canti- 
levered form permits the space underneath to be developed for two 
double tram tracks, this arrangement being a most efficient use of 
central area space as well as providing a separate location for the 
trams. 

If the viaduct is to be adversely criticized, one might comment 
that the applied finishes and detailing are not very helpful in 
achieving the gracious appearance, which, it is presumed, they are 
intended to give. Having had firsthand experience with advanced 
structural techniques of the Belgian engineers, the author is of the 
opinion that their work is best left to be judged on its merits as a 
structure. The viaduct is certainly too good to be hidden behind a 
screen of trees as seems to be the intention—presumably, once again, 
the outraged property owners must be appeased. 

Any suggestion that the viaduct adversely affects the civic 
qualities of the area is, in the author’s opinion, erroneously founded. 
Despite a few new buildings the area, considered comprehensively, 
is only a little short of being a commercial slum. It is more reasonable 
to maintain that the existing buildings detract from the viaduct 
itself, which does represent a valid form of today and the immediate 
future. 

The viaduct, having no access or egress points other than its 
terminal ramps, is solely a raised traffic route—it might almost be 
a moving belt. In this it may be contrasted with the majority of 
American “‘in city” elevated roads which are in general primarily 
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collector-distributor routes. The traffic requirements did not re- 
quire that the viaduct should have any other than a through service 
function, the worst problem being the clearing of the large and 
frequent flows moving between Brussels and Ghent and the coast. 

It is gladdening to the author’s heart, on which is engraved “‘the 
public service vehicle,” that the trams have been given separate 
locations on the ring roads and radials. It is hoped that the reserva- 
tion granted to public transport will not in the future be converted 
to additional lanes for the private car but retained for use by what- 
ever form the public transport vehicle may take in the future. In the 
case of the wide boulevards of Brussels, the elevated monorail might 
be the next development. 

The point is often made that any major traffic flow isolates the 
uses on its flanks. This is usually a fault attributable to poor location. 
In Brussels there was no choice of location; the boulevards were the 
only possible route. 

Though there was a time when the two sides of the boulevard, 
which is now the Petite Ceinture, were part of a glorious, unified 
whole, the heavy traffic flows it developed in this century turned 
the boulevard into a barrier and the unity disappeared. The devel- 
opment of the motor vehicle also had the effect of changing the 
function of the tall houses. 

Their owners drove out to new homes in the suburbs and a 
motley collection of embassies, offices, restaurants, shops, show- 
rooms and apartments became the new uses for the vacated houses. 
There is no longer the strong association between the two sides and 
only as facade facing facade are they part of a whole. Each building 
faces onto the boulevard but its association is with the road surface 
and the link this provides with the rest of Brussels and Belgium. 

If the reconstruction of the boulevard has had an effect on its 
character it is suggested that an improvement has resulted. Cer- 
tainly the snarling mess of traffic has been rationalized and owing 
to the underpasses removing the through flows it is now possible for 
the pedestrian to get across the road at the intersections which are 
just as much a meeting place of footpaths as of vehicular carriage- 
ways. 

As the road work in Brussels is confined to the reconstruction of 
long-established routes, it is not to be expected that any drastic 
change in the functioning of the city will result. No new alignments 
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were formed and only one building had to be demolished. There is 
now less traffic struggling through the city center—it’s quicker to 
go round the rings. 

Also, the traffic-attracting qualities of the now efficient radials 
and rings have drawn vehicles from the nearby roads thus enabling 
the uses in these areas to function more efficiently. One definite 
effect has been the stimulation of office development near the 
easily accessible Petite Ceinture and its parking areas. Property 
values have risen where the roads have improved accessibility. The 
other economic benefits have been noted previously. 


FUTURE DEVELOPMENTS 


In the absence of traffic statistics for 1960, the number of vehicles 
in Belgium might be estimated at a little over one million plus the 
thousands of scooters and other forms of low-powered motorcycles. 
Forecasts for 1980 vary between two and two-and-three-quarter 
million vehicles. The latter figure would produce a ratio of nearly 
one car to a family. As one-seventh of Belgium’s population lives 
in the metropolitan area of Brussels and with urbanization of the 
population just as strong a trend in Belgium as in England or Amer- 
ica, it is obvious that the city has a growing problem which can 
only be met by a continuing program of reconstruction and new 
works. 

As stated previously, the Road Authority was established for a 
period of fifteen years; there are still nine of these to come. 

At the moment the emphasis is on the building of rural roads, 
particularly the Autostrade from Antwerp to Germany. Since the 
initial program for Brussels which terminated in early 1958, only 
one major work has been carried out in the city—the underpass to 
the Place Madou. No more work is scheduled before 1962. How- 
ever, traffic studies are being carried out by the Ministry in order 
that work may start immediately the necessary finance is allocated 
to Brussels. 

On the list of priorities is the completion of the western section 
of the Petite Ceinture. Traffic studies have been made of an over- 
head route which is under consideration for a part of this section. 

The intermediate ring, the Grande Ceinture, runs through 
several districts whose local councils have a considerable degree of 
autonomy regarding the management of their affairs. In their short- 
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sightedness several districts used their authority to veto grade 
separated intersections where the Grande Ceinture lay within their 
boundaries. Having seen the success attending the Petite Ceinture 
underpasses these local authorities are now demanding grade 
separation, but as no money is available for a couple of years... . 
Once again it is hoped that the lesson will be taken to heart. 

Schemes to discover means of improving certain radial routes 
which could not be included in the 1957 program are under study. 
It appears that these investigations have shown that the benefit to 
be gained from reconstruction of the existing roads is limited and for 
certain sections new alignments will be necessary. The possibility 
of using parallel radials as complementary one-way routes is also 
under study. 

In all, there is a vigorous policy aimed at continuing and com- 
pleting the success achieved in the period immediately preceding 
the World Exhibition of 1958. 

The road work in Brussels may appear a little pale when com- 
pared to the American urban switchbacks, but it is neverthe- 
less a creditable achievement. What has been accomplished is 
spectacular, the method is not. In Brussels one sees the result of a 
comprehensive traffic survey, a penetrating analysis, a minor re- 
alignment here and there, a little grade separation and the guiding 
tracery of the carriageway markings which must have consumed 
thousands of gallons of paint. 

Meticulous care in design has gained the uttermost efficiency 
from the existing routes. It remains to be seen if this increased 
efficiency is sufficient to cope with the growing traffic volumes. 

Credit for the success achieved lies with the engineers, planners 
and associated personnel of the Ministry of Public Works and 
Reconstruction, led by Monsieur H. Hondermarcgq, the Director 
General of Roads. 
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Bergen County’s Suburban Growth 


and Transportation Problems 


ERNEST A. BOULDING, JR. 


Mr. Boulding has been Traffic Engineer for Bergen County, New Jersey, 
since September, 1958. Previously, he was for six years with the New Jersey 
Division of Motor Vehicles’ Bureau of Traffic Safety as Assistant, Senior, 
and Principal Traffic Engineer. He conducted two evening courses in a 
Certificate Program offered by Rutgers University in the field of traffic 
planning and control. Mr. Boulding holds the B.S. and M.S. degrees in 
Civil Engineering, and a Certificate in Traffic Engineering from the Yale 
Bureau of Highway Traffic after receiving an Automotive Safety Foundation 
Fellowship for study there in 1953-54. He is a registered Professional 
Engineer in New Jersey and belongs to the National, State, and County 
Society of Professional Engineers. He is a junior member of the Institute 
of Traffic Engineers. 


HE preliminary 1960 Census figures have established that sub- 

urban areas account for two-thirds of the nation’s population 
growth. Mushrooming population, vast improvements in living 
standards, and the expansion of business and industry have con- 
fronted suburban governments and their citizens with aggravating 
and difficult problems in public health, safety, and welfare. 

Bergen County, a suburban county in the New York metropoli- 
tan area, has experienced a phenomenal growth in a score of years 
and encountered the problems of areas that develop so rapidly. 
Although the needs of education, public health, enforcement, and 
recreation must be satisfied, it is essential that transportation be 
given its proportionate consideration. 

Transportation had an imposing effect on the development of 
Bergen County. It is obvious, therefore, that an adequate and 
prudently planned county transportation system is vital to permit 
the area to survive and to prosper in the future. 


EDITOR’S NOTE: The author’s ideas and comments on the transportation 
problem, and solutions, do not necessarily reflect the attitude of the 
Bergen County governing body. 
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To comprehend the impact of the county’s highway transporta- 
tion problems, it is helpful to realize its geographical relationship 
to the metropolitan area, the growth of the county, and the dif- 
ficulties in operating and planning a sufficient motor vehicle 
transportation system. 

Bergen County, as shown in the insert in Figure 1, is situated 
along the westerly shore of the Hudson River—the area commonly 
termed the Palisades—and is bordered on the north by New York 
State, on the west and south by three New Jersey counties, Passaic, 
Essex and Hudson. Bergen, one of the twenty-one counties of the 
state, ranks second in county population with more than 778,000 
people (1960 preliminary census) ; it ranks fifteenth in county area 
with 236 square miles. 

A board of nine elected officials, called Freeholders, governs the 
various county agencies. In 1959, the county budgeted nearly $17 
million for public health and welfare, administrative and judiciary 
expenses, bonded indebtedness, capital improvements of land and 
equipment, and costs of education, recreation, regulatory services, 
roads and bridges. The county engineer’s office is charged with 
roadway construction and reconstruction and the building and 
maintenance of bridge structures. The county road department 
maintains the 460 miles of county highways, and places all signs 
and markings. Roughly nine cents of every tax dollar is spent on 
roads and bridges. 

Bergen County, with its seventy municipalities as shown in 
Figure 1, has the greatest number of local governments of any 
county in the state. The average number of towns per county is 
twenty-seven, with the low of twelve municipalities in Hudson 
County. Many of the seventy municipalities, with governments 
ranging from city manager plan to committee form, were created 
by the consent of the state legislature during the 1890s and early 
1900s. 

These governments were set up by citizens for one or more of 
the following reasons: 1. Difference of opinion on financial and tax 
problems; 2. Difference of opinion on educational standards or 
aims; 3. Desire for a change in the form of local government; 
4. Personal motives, and 5. Difference of opinion on land develop- 
ment and zoning. 
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Teterboro is the smallest community with twenty-one residents, 
while Teaneck is the largest with more than 40,000 residents. These 
seventy municipalities provide varying degrees of local services in 
health, welfare, safety and public works. 


COUNTY DEVELOPMENT AND GROWTH 


The desire of the public for suburban living, dependence on 
the motor vehicle as a way of life, and construction of highways 
and bridges, particularly the George Washington Bridge in 1931, 
started Bergen County’s phenomenal growth. Rail commuter 
transportation with access to Manhattan by Hudson River ferries 
also permitted the county to flourish during the first half of the 
twentieth century. 

Once the transportation system developed and movement be- 
tween county areas became easier, the sparsely populated central 
and northern areas became settled. Preliminary census figures show 
that one northerly municipality, Washington Township, grew 524 
percent, from 1208 persons in 1950 to 7536 people in 1960. In this 
same period Teterboro, in the southerly part, experienced the only 
population decrease in the county—from 28 to 21 residents. 

The county population for the last sixty years and estimates for 
the future are shown in Table I. Bergen County increased by forty- 
four percent from 1950 to 1960, while the whole state increase was 
only twenty-five percent for the same period. According to recent 
newspaper releases, the State Department of Conservation and 
Economic Development has predicted that Bergen County will be 
New Jersey’s largest county with more than 1.3 million people in 
2010. This remarkable forecast stresses the need for a transportation 
system that will adequately accommodate the travel of that time. 


TABLE I—POPULATION OF BERGEN COUNTY BY YEAR 


Number of Population 

Year People Increase 
1900 78,441 59,561 
1910 138,002 72,641 
1920 210,643 1545334 
1930 364,977 44,669 
1940 409,646 129,493 
1950 539,139 239,336 
1960 778,475" 221,525 
1970 1,000,000 (est.) 

2010 1,342,000 (est.) 


*Preliminary figures of the Census Bureau. 

















BERGEN COUNTY’S GROWTH 49 


Another measure of growth is an analysis of the development of 
the county area, consisting of non-residential (non-farming) devel- 
opment as well as close residential development. The analysis made 
by the Bergen County Planning Board showed: 


Year Developed Area 

1900 2.76 Square Miles 
1920 23.38 Square Miles 
1940 43-70 Square Miles 
1957 98.13 Square Miles 


Since approximately sixty square miles (twenty-six percent of the 
total area) are swampland or have excessive slope restrictions re- 
quiring costly reclamation, approximately thirty-two percent of 
the county area still remains suitable for easy expansion of industry, 
business and residences. 

County motor vehicle registration doubled in the ten-year 
period from 1948 to 1958. It is estimated that about 300,000 
vehicles are registered in the county—one eighth of the state’s total 
vehicle registration in 1958. By 1970, the county registration is 
expected to approximate 400,000 vehicles. This fact, coupled with 
population statistics and data on general increase in vehicle usage, 
further highlights the county’s future transportation problem. 

Business reports a phenomenal increase in county retail sales 
figures. Retail sales doubled between 1948 and 1958, rising from 
$405 million to $970 million. It has been reliably reported that the 
county will experience an additional $300 million in retail volume 
in the next five years. 

In 1956, two large regional shopping centers were constructed 
along New Jersey Route 4 in the county within one and a half miles 
of each other. These centers, the Garden State Plaza and the 
Bergen Mall, are reported to average $500,000 daily in retail sales. 

Industry is on the move in Bergen County. In 1940, employees 
totaled 80,000; in 1950, the number rose to 149,000, and in 1960, 
the total is estimated at 245,000. Industrial centers for light industry 
are flourishing in many growing communities. Serious considera- 
tion is now being given to reclamation of the Hackensack River 
swampland by constructing a dam or a series of levees to hold back 
the tidal waters. The swampland planners see the area, which is 
strategically located to Manhattan, partially devoted to industrial 
use. 
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All levels of government build, maintain, and operate the high- 
ways in the county. A preponderance of through-traffic, both local 
and foreign, is carried upon the county’s eighty-five miles of state 
highway. Although some parts of the state’s network are only wide 
enough for two-lane operation, a large percentage of the mileage 
is composed of four- and six-lane, divided highways. Since the state 
highway department had no direct power to regulate planning of 
land use bordering its roads, unlimited access was permitted. Many 
municipalities have allowed and encouraged commercial strip 
development along the state road, thereby reducing its capacity 
and safety. 


HIGHWAY SYSTEMS OF THE COUNTY 


The municipalities own and operate about 1800 miles of road- 
way in the county. These roads, serving all types of land uses, vary 
greatly in design and construction. Some carry a heavy traffic load 
while others carry very little. 

The county road system accounts for 460 miles of highway. 
Primarily designated as feeder routes to state highways and for 
intermunicipality travel, the system has some mileage that does not 
achieve these fundamental purposes. Most of the county highways 
were originally municipally-owned facilities and were accepted by 
the county government on petition of lower governmental levels. 
County highways vary in length from 500-foot spurs to seventeen- 
mile routes. Widths vary greatly; but in the main they are only two 
lanes wide with approximately five percent of the total mileage 
being four lanes wide. 

The Bergen County Planning Board’s “‘County Highway Study” 
declared that sixty miles or thirteen percent of the present road 
system has right-of-way widths of sixty-six feet or more. About 
thirty-two percent of the total mileage has rights-of-way under 
fifty feet wide. Since rights-of-way are not consistent along a par- 
ticular route, a high-standard geometrical design on any route is 
practical only after considerable land is acquired. 

An additional twenty-eight miles of road in the county have 
limited access design and are operated by public authorities that 
collect tolls. The Palisade Interstate Parkway, the Garden State 
Parkway and the New Jersey Turnpike make up this mileage which 
mainly serves through-traffic. 
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Accidents and deaths, nowconsidered bysome to be synonymous 
with movement of people and goods over highways, are causing 
concern to many in the county. Local newspapers have highlighted 
the fact that Bergen County has led or has nearly led all other 
counties in recording highway deaths. Yearly accidents and 
fatalities in Bergen by road system are shown in Table II. Fatalities 
on all systems have remained at fifty-six over the last three-year 
period and total accidents have increased by 500 to 600 a year. 


TABLE II—ACCIDENTS AND FATALITIES IN 
BERGEN COUNTY BY ROAD SYSTEM 


State Highways County Highways Municipal Roads 
Year Accidents Deaths Accidents Deaths Accidents Deaths 
1954 3693 31 3829 15 3505 13 
1955 3653 38 4384 21 4296 6 
1956 4528 23 4756 26 3604 7 
1957 4585 27 5040 22 4023 7 
1958 4355 20 5402 24 4358 12 


Bergen citizens have due cause for concern when they realize 
that the 14,000 accidents in 1958 cost them from $7.5 to $8 million 
in lost wages, medical expenses, overhead costs of insurance, and 
property damage. The accident cost is about half of the total county 
government budget. More than forty percent of the losses are at- 
tributed to the county road system. 

A measure of the efficiency of each highway system serving the 
county has not been made. At peak-hour flows, traffic congestion 
is apparent in some areas and attests to further losses in time and 
money. Actually, the county growth has outgained all road con- 
struction and reconstruction programs. 

After World War II, transportation needs did not adequately 
keep pace with growth since the public demanded more services at 
low tax levels and since educational needs required immediate 
action in that area. Road building programs are again gaining 
momentum and should help to keep congestion and accidents from 
becoming higher. 


COUNTY TRAFFIC STAFF 


The County Board of Chosen Freeholders, cognizant of the 
travel increase on county roads and of the complex traffic problems 
on its road system, decided to retain a firm of well-known consultants 
in April, 1957 to appraise county traffic engineering needs and pre- 




















: ™~ ' latencies! | ' 
>, } acca | 
/ j pa i / wraw ! , 
J / | ; fomosrim Z ‘ 4 
Lf , ~ ~ —_— > 
— — 7 snnveve a “t 
’ j ' , = —a . 
e i i : A - ’ 
\ u = . aI20vu5 = y 4 ; . Ny 
Me 4S2uVW30 _ ee . f \ *20M N20 | 
ie Pie. | HLYOMVH H . ‘ ea 
! 7 s 
/ “eg a ee ! i ra } — f* 
anidty = / v ~~ eo / / 
; . i om P er 
/ ‘ae ‘ i j * 
_ ¥34S019 ¥ on, / he ‘a an 
i a - ‘ 
r~ \ a ae oF a “oe } | Q0Om 329018 7 < NY I 
1 icon -"~ weve f 4 ~~ M1 | / \ ! 
f ~~ OR wosommuwns  / ' - L ; . ! 
“ & / , ' ~ 
f \ wa? t@-~-. Goomisam ; NOLONIKSY Pa i \, | 
eoomuon { * / i ie / 1 
Pps, ‘ ' “9 | i i i me | 
f a _ / ee L A 1 ee ! \ aww roi 5 ! 
hen he / Fd os C a Vince ae /  $Mu-CH-OH + f me. } 
311908) / ‘\ ‘4 a ‘ ' "ail 
< / de Ps ' 21vGSTIIH r iti on = ~~ / S40R3AM j $3xv1 
\ —— \ meee <.. 
( — i bee J ‘ | \ ~> 1 NINN 4 
ZWAHLUON Y Pe j ~~~. now NOIMGTYA j ! 
<= / — WYdevi a0 ; ge a) 7 boa / | 
4 / nt, — / 
tay > / 5 “pa) i 
Pd _— | 
axvi ‘ / 
, is c 2WA UBAIL | 44172000m / 7 ~~ 
iy 74. in \ G | 3AM B1a0vs | > 
~ 
~~, } r ig: - ‘ | aqwanarw | 
/ 5 LL 39ar ‘ \ i ; 
Q -~~ ™ mtiwe S, 4 
~~. r \ “> aaa } f~ 
‘ wn ~< =e 
a \ ~ a ™s at P 
te! oe ag \ re ™ eo =a, 
~*~. Nig ie i, 5 ze " aed 
. T - 
' nN 
! ee 
j = 
7 AaSuvu 


~ 
mi / waatw sr00vs f 
=> uaden ro 
! 
ae. 


tte 
"445 





TN ‘NI9WURG 40 ALNNOD 
GUVOd ININNVId ALNNOD te 











‘Ajunor ueZsieg jo depy *1 ondary 
uoneng-Ayenoyy-eqqy-sieddry, wos poute;qo dew jsasu] “‘prvog Suruuyg AjuN0D uesieg wo poure;qo deur Ayuno0ZD 











000s 
Nt 


A°] 
31V958 


C0Os1_ C9001 
1334 


_900S 














- ——-=— 
~~ \ 
ls Pf) ve \ e¥osusnine\ 
y ! Sf $- \ \ 
Y/ aa A \ asa 
MatAuly \ \ 
sovastuv> = * Y 





‘\ 








i OQ psu. 
% omnia Cousroisi * ~ 
a | 


\ 


‘4 
ys 


Va 








vuo 





s iN 1 
/ \ x o 


‘ ! \ 
' j 4 \ 
\ xOCUS \ 












—“ a. To -~——- 
| 


















s i ) \ { 
210GVSs \ss00 / 
F ! weave \\ noswauve ( inaelale nh ae ” 
14" . P j 
} Aoousyn ATH, \ asva fi eer . “a mvArvins 
ks. Y ~ “o, ~ { \ ' é ~ 
i ee. . * \ zi | ) 
~~.) ' i ~ * i nn e ‘ { “3asin oe , 
2 _ VieWN WD ! ° os 
/ iz A14UNBE i / ‘ — J | | ———_——s 
*s, | G12I4N30436 —_—~ | j 
i ‘ \ 
-~ } 2002 ! ‘ —— = / 









somveve 






} 2 i wena } LY 

7 y j J fowoswe ; V/ 

if, : nae A ‘ —_~ > wwe \ 
——— ’ — ~ = 


ll 


s 
> 
z 
! 
° 
\ 
hey 
—_ 
— 
\ 
d 
\ 
\ 
_ = 
\ 
\ 
-~ 














TRAFFIC QUARTERLY 


‘yeig Suusoulsuyq wyyery usSi9g Ag powuojiog suonouny *% a1n31q 





“popoou se soipnys Ayroedes aqeyy 
*SU01}I9S1NjI UT UBISOpry 
“uonezuuRYyD 

uSisap pue 30; pseu suTu2aq 


€ 








‘sodas Suruue;d pue 


ayes) Jo spesodosd oyjyen ozAyeuy * 


*ss209u Zurpny> 
-ut ‘syuswidopaasp pasodoid snot 


ITA jo suonesodo Dyes) MatTADY " 





ONINNV'Id 











NOISad 








‘na ‘sBunsow 

















“syugmiaaoidun Bur 
“yew puv SuruBis pusuwossy “£ 


Ajages ‘saouasajuoo aye puany “> “spvos .  “speoz Ayun09 uo “uoneuIps0-09 yeusis-399 
“Suess Gams pouszou0s Ayunos uo syurejdwoo oye) uo (239 ‘sauoz Surpeoy ‘sdoys snq ‘Bur ye ur uoArd st Some :*s = 
peite yedroyunw: pue Ajun0D uonse puswwose1 pue ozAyeuy *% -ysed) suonejn3e1 pediorunur uo p tie Bone te 8 ce - ml on 
2S YIM UosIeY pue son *SUOIILIO] PI3S23U09 JO UONIe pusWUIOIII pur MIIAZY *s 0) Suunto : suv 1M one _— 
lanoe uoNryjas oyqnd ur adeZuq “£ /pue snopiezey ye suswaaoidut “na ‘souoz Surssed ou ‘sy poads aaa 7 p= tn re 
“So]Y PUe Sp10991 DYFeI) UIEJUTEWy *S oes} puswwos2, pue Apnig “1 ‘9s ysnomy peor Ajuno> -puossg pre-[es9poq pros pa 


“pes oyjeay Jo sIUIWIpY " 





SNOLLVOLLSAANI 








NOLLVULSININGV 


® SATAUNS 








puswwose, pure wep ozijeuy * 


uo sjeuSrs yoodsur pue uBisoq *1 











SNOLLVTNOFa 








‘IOWLNOD 






































YWOLVUAINNANA OLMAVAL 
AUV.LAWOAS 
UWIANIONA OldAAVULL 











JAVLS ONIVAANION’G OLAAVUL | 


s+ 
Te) 
























BERGEN COUNTY’S GROWTH 55 


pare a report on procedures, organization, and other requisites for 
an active and sound program on highway and traffic engineering. 
The consultants’ report was delivered in early 1958. 

Because existing county departments were not adequately 
staffed or organized to undertake basic traffic engineering functions 
and no existing department was performing some of the essential 
traffic engineering services, the report recommended: 1. a traffic 
staff composed of a traffic engineer, a stenographer, a draftsman 
and four investigators; 2. the placement of the proposed staff in an 
existing county department with prospects of separate unit status 
when traffic services were expanded. 

In early 1958, because of a lack of county office space, the county 
decided to retain a smaller traffic engineering staff and place the 
staff under the direction of the county engineer. In late 1958, a 
traffic engineer and stenographer were employed and in the spring 
of 1959 an investigator was added to the staff. This traffic engineer- 
ing unit was to perform “staff” functions as differentiated from 
“line” functions. 

The small traffic staff is able to operate on a limited basis by the 
co-operation of other county agencies. The drafting work is done 
by the engineer’s office while the planning board provides traffic- 
count and other traffic planning data. The road department effects 
the signing and marking recommendations. The county police 
department assists in providing speed and volume information, 
data absolutely essential in the performance of some of the staff’s 
work. As the work load increases, improvements will have to be 
made in staff size and procedures. 

Functions undertaken by the traffic engineering unit are shown 
in Figure 2. The staff investigator has been studying and making 
recommendations on county road through-streets. At present, more 
than twenty-one municipalities and 266 miles of roadway have 
been covered and reported. 

County speed zoning efforts are being realized since the signing 
of speed limits upon a four-and-a-half-mile stretch of roadway in 

1959. Initially, the local governing bodies and citizens rejected the 
idea of speed zoning. Since the advantages of zoning have been 
stressed, there is some expressed desire for the county to initiate 
speed surveys. 
The state law permits the muncipalities, by ordinance with 
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county consent, to regulate the traffic on county roads, and a con- 
siderable amount of staff time is devoted to a review of those ordi- 
nances. Each regulation is analyzed to determine whether it will 
have an adverse effect on the movement of vehicles in the county’s 
system. 

All functions shown on the chart have been covered by the small 
staff. Once the staff is expanded, the existing traffic services can be 
extended and other functions added as required. 


SOME COUNTY HIGHWAY PROBLEMS 


Through the years the powers of the municipality have been 
strengthened by the home-rule advocates. Prior to the trend to- 
ward suburban living, the larger, more densely populated city 
with places of work, residence and shopping within its bounds was 
self-sufficient and capable of solving its own problems without 
interfering with its neighboring towns. Nurtured by this influence, 
many of the local powers were guaranteed by state law. Too, some 
powers not specifically granted by law were assumed by the lower 
levels of government and became unwritten home-rule powers. 

It is not to be argued that all local home-rule acts are bad. In 
some areas of local government control these powers are necessary 
to permit a municipality to mold its future as long as the edicts do 
not adversely affect its neighbors or the majority of the people. 
Nearly everyone would agree in principle with this statement. 

A road system primarily designated to serve intermunicipality 
travel can be made ineffectual by local home-rule supporters or 
minority “isolationist” groups who do not comprehend the advan- 
tages to be achieved by all of the municipalities. Where many 
municipalities comprise the whole, as in Bergen County, the co- 
ordinated planning and operation of a road network serving pri- 
marily county and regional needs is very difficult to achieve. 

Traffic control and regulation, highway design and land-use 
planning can be and are influenced by isolationists’ decisions. 
Many times initial signal costs dictate the type of signal equipment 
to be installed by a town. Traffic safety and road capacity are 
reduced where signal layouts contain only one signal indication 
(state law requires two indications) ; where signal timing is arbi- 
trarily determined and does not favor the heavier volume, and where 
signal co-ordination is only a catch phrase and not a reality. 



































BERGEN COUNTY’S GROWTH 57 


Parking regulations in some towns have not been enacted even 
when fire officials have repeatedly stated that they could not guar- 
antee the protection of a business area where parking is allowed on 
both sides of a narrow street. In a few cases, unwarranted roads 
have been made through-streets at the insistence of some groups 
who believe they are reducing the speed of the heavier traffic flow. 

Experience has shown that this practice does not improve traffic 
safety. Some local police officials who desire reasonable and proper 
speed limits for effective enforcement are confronted with unreason- 
able, signed speed limits, determined arbitrarily by “‘well-meaning”’ 
citizens. Sometimes, these same citizens are the chief violators of 
the impractical speed limit. 

Some local residents, desiring to retain the rural nature of the 
area, strenuously object to construction of sidewalks on their 
properties. Where such a policy is practiced, the safety expert will 
find it difficult, if not impossible, to implement the decision to 
provide adequate protection for school children. These “‘ruralists”’ 
are willing to propose the use of school bus transportation, which is 
costly, or gamble on a white painted edge-stripe on a road with no 
shoulders to separate the vehicular traffic from the school-child 
traffic. Sharp road alignment may not be materially improved be- 
cause local citizens, through their governing bodies, do not want 
to permit safer overall operating speeds or the taking of property. 

Town planning is a topic of divergent views. Some towns have 
developed industrial areas without adequate buffer zones on the 
borders of a neighboring residential municipality. Some small towns 
have no master plans and there is a complete lack of property-access 
control. 

One community has developed large shopping centers very near 
its borders. Their locations permit that one community to collect 
the taxes and the neighboring communities to face the traffic 
problems. Strip zoning of state highways is a practice of some 
municipalities. These same towns confront state highway officials 
with demands for safeguards for business traffic, and sometimes 
protest vehemently when additional rights-of-way are needed or 
access to the abutting property is curtailed. 

The county road network is beset with physical problems that 
are not insurmountable, but they can seriously affect the dynamic 
growth of the county if they are not resolved. 
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The Bergen County highway study highlighted the inadequacy 
of existing rights-of-way to meet even minimum design standards 
in some cases. At the turn of the century little thought was directed 
to right-of-way needs, so some municipal roadways were given to 
the county with the right-of-way only as wide as the road—eighteen 
feet—while other municipal roads had thirty- , forty- , and fifty- 
foot rights-of-way. The following is a breakdown of the various right- 
of-way widths on county roads by mileage: 


TABLE III—RIGHT-OF-WAY WIDTHS ON COUNTY ROADS 


Right-of-way Width Percent of Road Mileage 
Over 66 feet 13 
60 to 65 feet 13 
50 to 59 feet 42 
Under 50 feet 32 


Source: County Highway Study, Bergen County Planning Board. 


This table indicates that only about one-quarter of the road 
system has sufficient right-of-way for an adequate four-lane road- 
way. In pinpointing the areas where a majority of rights-of-way 
are less than fifty feet wide, it was found that the ‘‘undeveloped” 
northwest portion of the county has considerable mileage in this 
category. 

Realizing the manner in which the county road mileage grew 
to 460 miles, and realizing the financial burden of retaining mileage 
that does not fulfil the functions of a county road, it is believed that 
some miles of roadway should be deleted from the county road 
system. The county planning board, in its report on the county 
road network, segregated the system into three categories— primary 
routes, secondary routes and minor routes. This last group, com- 
posed of less important collectors and distributors of traffic, ac- 
counted for approximately 172 miles or more than one-third of the 
existing highway classification. If the minor routes were eliminated, 
the maintenance efforts and money could be directed to improving 
the main county road system. 

The adequacy of existing road geometries, as well as the strict 
control of access to the county road from abutting lands, also require 
thoughtful attention. 

There are problems related to area planning that confront the 
county level of government. The county can do little or nothing to 
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protect its road investment from being jeopardized by poor plan- 
ning and zoning decisions. The municipalities after proper processes 
can zone the land abutting a county road for commercial use. A 
county road widened to four lanes can become ineffectual for carry- 
ing a substantial traffic load if a large shopping center is constructed 
adjacent to it. This has happened. 

Too, variances in zoning regulations are determined by a 
municipal board. This board, which sometimes sympathizes with 
the landowner, can permit the use of smaller offstreet parking areas 
or truck-loading facilities. This clamor for curb parking and truck 
loading along a county road must then be faced by the county, which 
had no authority to demand an adequate size parking lot or an 
ample offstreet truck-loading facility. 

Operational problems on the county road system are growing 
larger yearly. Since the county does not install, maintain, or operate 
traffic control signals, this responsibility is borne by the munici- 
palities. Lack of signal co-ordination, wrong signal timing and poor 
signalization have adversely affected the safety, convenience, and 
capacity of major roadways. 

Although there are some communities that have done com- 
mendable work in traffic control, a greater concerted effort must 
be made to realize tangible, effective results. The traffic regulation 
scope of the operations problem requires similar combined efforts. 

A breakdown of rail commuter transportation has added to 
county and state highway problems. Some railroads have dis- 
continued or curtailed commuter service to New York City by 
following the provisions of a federal law. The displaced rail com- 
muter must then turn to highway transportation and use either the 
passenger car or bus to travel between home and place of employ- 
ment. A parking problem exists on the New Jersey side of the Hudson 
River; it could worsen by additional curtailments of rail commuter 
service, since drivers of passenger cars are discouraged from parking 
in Manhattan. 


COUNTY HIGHWAY NEEDS 


Bergen County’s phenomenal growth was largely attributed to 
the motor vehicle and rail commuter transportation. This being 
the case, the county’s continued suburban development and result- 
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ing prosperity can be adversely affected unless persistent efforts are 
made to improve these systems. 

Some of the transportation problems have been expressed. Few, 
if any, of them can be solved without the active co-operative and 
unselfish participation of every county resident and governing 
body. Individual interests must be laid aside in preference to a 
spirit of co-ordinated joint action between the towns and the county 
to solve mutual problems that could rapidly and easily develop 
into crises. 

Since transportation problems are evident, it is essential that a 
thorough study be made to propose definite recommendations for 
improvement. Studies should include the following: 

1. The general county transportation needs (highway, water, 
rail and air) should be investigated and an overall transportation 
plan devised for continued, balanced growth of the county. Pos- 
sibly, a permanent county (region) fact-finding agency should be 
organized to make the initial study and to implement, augment, or 
revise the transportation plan, as the case may be. The dominance 
of transportation on the physical health of the county would neces- 
sitate such action. 

2. Until the transportation plan is devised, a special effort 
should be made to prevent temporarily the discontinuance of com- 
muter rail service between the suburbs and Manhattan. The final 
transportation plan would show the need for rail service and present 
a scheme to bring that form of transportation in balance with the 
others. 

3. An intertown or county-wide area planning organization 
should be established with power to co-ordinate the planning be- 
tween municipalities and to protect the highway investment by 
proper planning and zoning procedures. Legislative action would 
undoubtedly be required to initiate such a plan. Good planning 
initially costs more and hurts some people, but it pays for itself 
many times over in the long run by providing an orderly land use 
plan and protecting all properties. 

4. Since the motor vehicle knows no governmental boundaries, 
an agency should be created with authority to plan, propose and 
institute proper traffic operational controls, at least upon the road- 
ways where intermunicipality travel is great. This is the only way 
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to minimize confusion and hazards in traffic operational methods. 

With the development of proper transportation plans by these 
studies, with the realization of need for decisive and co-operative 
action by governing bodies, and with a well-informed public de- 
manding a co-ordinated transportation system, the continued 
growth of Bergen County is assured for the future. 











1950—1960 Population Shift 
Poses Transportation Problem 


THOMAS CONWAY, JR. 


Mr. Conway, a public utility consultant and transportation official, has been 
President of the Conway Corporation since 1926. He has been Chairman of 
the Board of the Schuylkill Valley Lines, Inc. since 1933. He was President 
of the Transit Research Corporation from 1936 to 1941 and is still a director 
and a member of its executive committee. Mr. Conway taught finance at the 
Wharton School of Finance and Commerce from 1905 to 1908, and at the 
University of Pennsylvania from 1908 to 1929. He has served as consultant 
and technical adviser to numerous public utilities, municipalities, and 
governmental bodies, including the Chinese National Government in regard 
to transportation problems in Shanghai. Mr. Conway served with the Office 
of Defense Transportation from 1942 to 1945. He is a member of the 
American Transit Association. 


RELIMINARY 10960 census figures bring into sharp focus the 

fact that the phenomenal growth in population in the last decade 
has been in outlying suburbs and not in the central cities, many of 
which actually have suffered a population loss. While some of this 
population shift is undoubtedly due to the difficulty of finding suit- 
able housing in the cities, it is believed that the allure of suburban 
living is the prime factor. 

The universal desire for more spacious home sites, modern 
dwellings, more light and air, better recreational facilities, far out- 
weighs the disadvantages of the greater cost and time in traveling 
longer distances to work, water and sewage problems, possible 
paving assessments, and mounting taxes and costs to provide the 
ever-growing school and church requirements. However, there is 
no likelihood that migration to the suburbs will decrease, particu- 
larly if economic conditions with regard to wages and employment 
continue. 

On the contrary, the construction of additional expressways, 
expanded suburban shopping centers with adequate parking areas, 
and the growing tendency toward more than one car to a family 
unquestionably will entice additional thousands to the suburbs. 
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Also, with the relocation of many former center-city industries and 
offices in the outlying areas, many employees will follow their 
natural desire to live closer to their places of employment. 

While it is true that many have moved to outlying sections to 
escape the noise, dirt and congestion of cities, many more have been 
crowded out by urban renewal programs, freeway and thruway 
construction, expanding city industries, and the simple fact that 
there is very little urban space left. This is particularly true of the 
older cities—Boston, Pittsburgh and St. Louis—which have suf- 
fered the greatest population losses. The unattractiveness of avail- 
able living accommodations and lack of acreage within the city 
suitable for new residential development have contributed greatly 
to the exodus to the suburbs. 

The influx into suburban areas poses serious problems. That 
segment which represents migration from the cities involves major 
economic and financial dilemmas—including tax losses, accelerated 
deterioration and obsolescence of properties left vacant, possible 
cuts in congressional representation, and reductions in state and 
federal aid. New York estimates that, in the next decade, it will 
lose $67.50 in state aid for every person who leaves the city. 

The major problem is that of providing adequate transportation 
facilities beyond city limits. How can this best be accomplished ? 
Experience proves that construction of additional expressways is 
not in itself the answer. Irrespective of their tremendous and in- 
creasing cost, it is universally admitted that these facilities quickly 
reach the saturation point and only complicate center-city conges- 
tion and parking problems. The use of the private car for commuting 
is an expensive luxury and frequently a headache. Existing means 
of public transportation cannot do the job. What then is the 
solution ? 

Tocomprehend the complexity of the task and to make adequate 
plans for the future, one must familiarize himself with the pattern 
of population growth in the last decade—where and how the 
tremendous increase of more than 26,000,000 people has been 
absorbed. 

For the United States as a whole, the growth in population has 
been in the so-called Standard Metropolitan Statistical Areas— 
cities and their suburbs—where the increase averaged 24.3 percent. 
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In rural America, including towns of less than 100,000, the ten-year 
increase was only eight percent. This imbalance obviously reflects 
a mass migration from farms to cities, particularly of Negroes from 
the South, as well as the large influx of Puerto Ricans, most of 


whom have located in the larger cities. 


PATTERN OF 1950-1960 POPULATION GROWTH 


The percentage losses or gains in metropolitan areas of varying 


sizes were as follows: 


Percent Increase or Decrease 

















Population of Metropolitan Area Central City Outside City 
3,000,000 or more —o.6 68.1 
1,000,000 to 3,000,000 4.2 43.8 
500,000 to 1,000,000 19.4 56.1 
250,000 to 500,000 15.3 34.1 
100,000 to 250,000 19.0 26.6 
Less than 100,000 9.0 4-0 
Crtres Havinc Rapiw Transit SERVICE 
Total Population 
in thousands Percent Increase 
Standard Metropolitan Area 1960 1950 or Decrease 
Boston, Mass. 
Boston 678 801 —15.4 
Outside Central City 1,883 1,609 17.1 
Total 2,561 2,410 6.3 
Chicago, IIl. 
Chicago 3,494 3,621 — 3.5 
Outside Central City 2,658 1,557 70.7 
Total 6,152 5,178 18.8 
Cleveland, Ohio 
Cleveland 870 915 — 4.9 
Outside Central City g10 551 65.3 
Total 1,780 1,466 21.5 
New York, N.Y. 
New York 7,660 7,892 — 2.9 
Outside Central City 2,885 1,664 73-4 
Total 10,545 9,556 10.4 
Philadelphia, Pa.~New Jersey 
Philadelphia 1,960 2,071 — 5.4 
Outside Central City 2,329 1,599 45-6 
Total 4,289 3,670 16.8 
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It is difficult to assess the role that transportation has played in 
the growth of the suburbs. Even those central cities which for years 
have had good—or at least adequate—public transportation suf- 
fered a population lag in contrast with the growth in their satellite 
communities. 

That local rapid transit is not a preventive of migration to the 
suburbs is proved by census figures indicating that all five cities 
enjoying rapid transit service suffered population losses in the last 
decade. 

Of the eighteen areas of more than 1,000,000 population that 
have no rapid transit facilities, one-half show decreases in center- 
city population ranging from three percent in Baltimore to 13.6 
percent in St. Louis: all of these cities report population increases 
in the suburban areas outside the city. The detailed statistics are as 
follows: 


AREAS WITH POPULATIONS OF 1,000,000 OR MORE 
Havinc No Rapip TRAnsitT FAcILities 








Total Population 
in thousands Percent Increase 
Standard Metropolitan Area 1960 1950 or Decrease 
Los Angeles—Long Beach, Calif. 
Los Angeles—Long Beach 2,772 2,222 24.7 
Outside Central City 3,918 2,147 82.0 
Total 6,690 4,369 53-2 
Detroit, Mich. 
Detroit 1,673 1,850 — 9.6 
Outside Central City 2,089 1,167 79.0 
Total 3,762 3,016 24.7 
San Francisco—Oakland, California 
San Francisco—Oakland 1,077 1,160 — 7.3 
Outside Central City 1,644 1,081 52.1 
Total 2,721 2,241 21.4 
Pittsburgh, Pa. 
Pittsburgh 601 677 —11.2 
Outside Central City 1,794 1,536 16.8 
Total 2,395 2,213 8.2 
St. Louis, Mo. 
St. Louis 740 857 —13.6 
Outside Central City 1,300 862 50.7 
Total 2,040 1,719 18.7 
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Washington, D.C.-Maryland-Virginia 


Washington 
Outside Central City 


Total 


Baltimore, Md. 
Baltimore 
Outside Central City 


Total 
Newark, J. J. 
Newark 
Outside Central City 


Total 
Minneapolis-St. Paul, Minn. 


Minneapolis-St. Paul 
Outside Central City 


Total 
Buffalo, N.Y. 
Buffalo 
Outside Central City 


Total 


Houston, Texas 
Houston 
Outside Central City 


Total 
Milwaukee, Wis. 
Milwaukee 
Outside Central City 


Total 


Paterson—Clifton—Passaic, N.J. 


Paterson—Clifton—Passaic 
Outside Central Cities 


Total 


Seattle, Wash. 
Seattle 
Outside Central City 


Total 
Cincinnati, Ohio-—Kentucky 
Cincinnati 
Outside Central City 


Total 
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Kansas City, Missouri-Kansas 














Kansas City 468 457 0.3 
Outside Central City 559 358 56.3 
Total 1,027 815 26.2 

Atlanta, Georgia 
Atlanta 485 331 46.5 
Outside Central City 529 396 33.7 
Total 1,014 727 39-5 

San Diego, Calif. 
San Diego 547 334 63.7 
Outside Central City 456 222 105.1 
Total 1,003 557 80.2 


That growth of the center city is not dependent on rapid transit 
is shown by Los Angeles whose population increased twenty-five 
percent, making it the third largest city in the United States. For 
the most part, this growth is due to the private automobile and 
construction of radial center-city expressways furnishing unusually 
good access to the downtown area. Also, since it is one of the 
younger major cities and has a tremendous land area, residential 
development within the city has boomed during the last decade. 

Parenthetically, it should be noted that while Los Angeles 
formerly boasted that it was ““The Freeway Capital of the World,” 
it now urges motorists not to use freeways during rush hours, and 
is endeavoring to evolve a comprehensive and workable rapid 
transit system. 

The percentage growth in the outlying area of Los Angeles was 
greater than that of any of the cities having rapid transit and was 
excelled only by the suburbs of Washington and the twin cities, 
Minneapolis and St. Paul. 

No one knows how wide a radius will be covered by commuter 
homes if fast public transportation facilities are provided. In the 
end, the controlling considerations may be the provision of public 
services—schools, churches, sewage disposal and water supply— 
and the inescapable cost of other essential municipal services. But 
one thing certain is that engineering and operating concepts of 
rapid transit must break away from the limitation of lines within 
the city, for existing evidence seems to point to the conclusion that 
the suburban area will not be amalgamated with the city and that 








68 TRAFFIC QUARTERLY 


any feasible plan must be set up and financed separate from the 
municipal corporation. 

At present, the suburbs of most cities are disinclined to assume 
any part of the deficit from rapid-transit operation in a thinly 
populated outlying area, but it seems obvious that this must follow 
to save the central section of the city from decadence or stagnation. 

The efforts of most cities to avoid highway strangulation have 
been defeated and will continue to be defeated by the tremendous 
surge of commuter traffic congesting the radial highways in the 
commuter hours. Cities and suburbs have a common problem in 
this respect which they have not fully appreciated because, until 
the results of the census of 1960 were in hand, the size of the com- 
muter load originating in the suburbs was greatly underestimated. 
Now that the magnitude and seriousness of the problem are known, 
a painstaking search for a constructive solution must follow. 

The experience of Los Angeles and elsewhere shows the im- 
practicability of building expressways with a capacity to meet public 
demand if dependence is to be placed upon private automobile 
and bus. There is no doubt that expressways are required and should 
be built, but in conjunction therewith, rapid transit rights-of-way 
between roadways of the expressway should be constructed. One 
lane of rail rapid transit can move about 40,000 people an hour 
while a modern expressway lane can move only about 2,000 pas- 
sengers an hour; and this capacity diminishes as congestion increases 
—as cars move at a crawl. 


INADEQUACY OF PUBLIC TRANSPORTATION 


A major part of the suburban growth has been in areas not 
served by existing railroads. Where railroad service is available, 
its record in dealing with the suburban problem has, with a few 
notable exceptions, not been creditable. Successive fare increases, 
not matched by improvements in service, have driven most com- 
muters to using their automobiles. Inadequacy of parking areas at 
stations has also discouraged potential commuter traffic. Commuter 
trains are old, uncomfortable, and in bad order—and the financial 
condition of most suburban railroads has fallen to such low ebb 
that they cannot acquire new equipment. 

Two notable exceptions of railroads that have faced up to trying 
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to make ends meet against rising operating costs and diminishing 
traffic are the Burlington and the Reading. They have recognized 
the fact that their policies must not be dominated by outmoded 
requirements of the Full Crew contracts that railroads improvi- 
dently made with their unions. By reducing commuter-train crews 
these companies have been able to operate single cars in off-peak 
hours, thus maintaining reasonable frequency of service and, in 
spite of fare increases, hold a fair percentage of their suburban 
traffic. 

Because of lack of proximity, revitalization of suburban railroad 
service would only alleviate but not solve the suburban commuter 
problem. Most of the population growth has been in areas remote 
from the railroad lines, and these people must depend on the private 
automobile or on local rail or bus lines terminating at the outlying 
rail heads of urban rapid transit or city surface lines with which 
passengers are interchanged. There never has been a qualitative 
analysis made of the proportion of commuters traveling by each of 
these modes of transportation, but the evidence is overwhelming 
that traffic by automobile is by far the greater. 

Studies made by the Bureau of Public Roads show clearly that 
once a commuter starts driving to work he seldom can be converted 
to the use of peripheral parking areas except at the termini of city 
rapid transit lines. The farther he has to drive from his home, the 
less likely he is to use outlying parking facilities. Stated in another 
way, his psychology is that, if he has been forced to drive a large 
part of the journey, he will continue to drive the rest of the way. 

Experience has shown that large parking areas are required at 
the termini of rapid transit lines, at stations located at the junction 
of a rapid transit line and at circumferential highways serving 
populous suburban areas. Concentration of cars at these points is 
due to parking by commuters who live in outlying communities. 
(The new Highland Branch in Boston has nine parking areas ac- 
commodating 2,549 cars.) 

Heretofore, the only public transportation facilities that have 
profited by the city-to-suburb migration have been the few high- 
speed suburban rail lines that connect with urban rapid transit 
lines, and the bus companies—especially those having intercity 
franchises. Some of these bus companies have been quick to take 
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advantage of their opportunities by inaugurating express bus service 
from the more remote districts to the center city. However, with the 
growing congestion of radial trunk highways and of downtown 
streets, the advantage held by the express bus is becoming more 
and more ephemeral. 


SUBURBAN RAPID TRANSIT 


If some form of rapid transit is the logical solution to the 
transportation problem of new suburbia, it is obvious that existing 
rapid transit lines must be extended beyond city limits and, in most 
cities, provision should be made for construction of rapid transit 
lines as part of the expressway program. That is to say, a right-of- 
way for rapid transit use should be created between the outbound 
and inbound vehicular lanes. An example of such a project is the 
Congress Street Rapid Transit and Expressway from the Chicago 
Loop to Forest Park in the Chicago metropolitan district. 

The right-of-way for the rapid transit line, of varying width 
from a minimum of two tracks to a maximum of six tracks, added a 
little over five percent to the total cost of the right-of-way that 
would have had to be acquired for the roadways only. This right-of- 
way and the track, station, signals, etc., were financed and construct- 
ed by the Chicago Transit Authority with a liberal grant by the city 
therefor. 

The problem of financing rapid transit construction into out- 
lying metropolitan areasis discussed laterin thisarticle. Summarized 
here are the type of rapid transit service and facilities that should 
be provided for the suburban belt. 

A two-track railroad should be built on the central right-of-way 
with island platforms at the stations. Stations should be spaced 
farther apart than on urban sections of the line, since most suburban 
patrons will be driven or will drive to the station and there park their 
cars. A convenient and adequate parking area should be included 
as part of the transit improvement program. Stations should be so 
designed that the commuter can walk the minimum distance from 
his parked automobile without crossing the expressway at grade. 

No provision need be made for cashiers or fare collectors at 
suburban stations. Fares should be collected on the trains. Experi- 
mental studies now in progress by General Electric and others show 
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that fare collections and the making of change can be handled 
mechanically. This will be accomplished eventually as another step 
in automation and will enable existing rapid transit lines to effect 
substantial economies by dispensing with fare collectors and change- 
makers at many stations. 

Suburban stations should be equipped with station-stop-light 
signals which passengers can set to stop their trains. This has been 
successfully done for years on some important suburban lines and 
has resulted in greatly quickening the service in off-peak hours. 

With such facilities and modern, high-speed cars, the running 
time from outlying suburban stations to the center city should very 
closely approximate that possible by driving one’s own automobile 
on the adjacent expressway, including the time required to park 
the car at a downtown garage or parking lot. 


PROBLEMS OF EXTENDED SERVICE 


Boston’s rapid transit system extends beyond the city limits into 
the metropolitan area, linking Boston and thirteen cities and towns 
within the metropolitan area. New York’s transportation authority 
serves the group of commuters on Long Island and the City of New 
York. All other rapid transit properties are confined to lines within 
the city itself. The fact that growth of the rapid transit cities from 
1950 to 1960 was predominantly in outlying metropolitan areas, 
without rapid transit, raises in an acute form the question as to 
whether rapid transit lines should now be extended into the outlying 
metropolitan areas. 

The Boston Metropolitan Transit Authority led the way with 
its Highland Branch, opened in July, 1959, and it is formulating 
plans for other rapid transit extensions. Substantially all of these 
are within a ten-mile circle comprising Lynn, Wakefield, Woburn, 
Lexington, Waltham, Needham, Dedham, Quincy, Weymouth 
and Hingham. 

Mayor Richardson Dilworth of Philadelphia formulated a plan 
—which the city put into effect—to subsidize suburban service on 
the railroad lines, as regards traffic within the City of Philadelphia, 
serving Chestnut Hill, a portion of the line to Norristown and to 
Frankford and Fox Chase. The mayor is also formulating plans to 
take over the Philadelphia Transportation Company, and is pres- 
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ently negotiating with public officials in Delaware, Montgomery 
and Bucks counties to extend the PTC’s rapid transit system into 
this outlying metropolitan area. 

Mr. Dilworth has encountered strong opposition from public 
officials in these three counties over construction of rapid transit 
lines in these counties. The difficulty has become a political issue, 
and, for the time being, the political differences seem to be insuper- 
able. 

In this connection, attention is called to the lengthy report on 
Southeastern Pennsylvania’s transportation problem, prepared by 
the Bureau of Municipal Research and the Pennsylvania Economy 
League (Eastern Division). After long study this report proposes 
the construction of high-speed transit lines in the center malls of 
expressways. These rights-of-way are to be acquired by the state 
department of highways, at the same time as rights-of-way for the 
expressways. The state would also acquire land for station and 
parking facilities. 

Politics has also presented threshold difficulties in the extension 
of New York’s rapid transit system into its outlying counties. 

The nine railroad lines operating commuter service in New 
Jersey threaten to cease commuter operation because they cannot 
carry the deficits. To relieve this situation temporarily, Governor 
Robert B. Meyner of New Jersey has agreed with the railroads on 
a plan to give them, through tax reductions or otherwise, the equiva- 
lent of their commuter operating deficit for a limited time. Governor 
Meyner’s plan also applies to the Pennsylvania-Reading Seashore 
lines operating commuter service between Philadelphia and points 
in the southern New Jersey commuter belt. 

The difficulty is that any considerable extension of existing rapid 
transit lines into outlying suburban areas presents problems of 
financing construction and meeting operating deficits should they 
occur. 

All large cities with a population of a million or more have to 
face up to the rapid transit problem. The larger the city, the more 
acute is this problem. The five big cities that have rapid transit 
should make plans to extend these lines into suburban areas. How 
these suburban extensions can be financed is a serious threshold 
problem, which thus far has blocked progress. 
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Transportation authorities operating the cities’ rapid transit 
lines can not finance the construction of these suburban extensions. 
Their capital costs must in large part be paid for by public funds 
which probably must be provided by the states. Voters in the cities 
will be disinclined to mortgage themselves to build lines into the 
suburbs, and suburban residents have not thus far been willing to 
mortgage their communities to raise all or the major part of the 
money required. 

One of the suggested plans is to amend the federal statute levying 
federal taxes for building a national system of expressways to permit 
the states to draw on a federal trust fund to finance the acquisition 
of a wider right-of-way and construction of tracks thereon for rapid 
transit. ‘This suggested plan has met with determined opposition 
from automobile manufacturers and others. If the matter could be 
allowed to drift until the need becomes so acute that opposition 
could be overcome, the people of metropolitan areas could be al- 
lowed to work the matter out. 

But time does not permit this course. Provision for rapid transit 
is part of the right-of-way required for radial urban expressways, 
and when plans are drawn up the project takes on definitive form. 
If there is delay, central business districts of the cities will suffer a 
serious partial paralysis which will destroy the cities and lead to 
further sprawl. 


PRIVATE FINANCING IMPOSSIBLE 


Cost is the chief deterrent in the execution of a rapid transit 
plan. To understand this problem, let us consider the history of 
existing rapid transit systems. Originally, most of these lines were 
constructed on elevated steel structures over public streets or alleys, 
with tracks laid on cross ties. In most instances no automatic signals 
were installed; stations were small, usually located at more impor- 
tant street intersections, with access to the platforms by stairways. 
The rolling stock consisted of light wooden cars without vestibules, 
coupled together and pulled in trains by small steam-dummy, 
coal-fired locomotives. All elevated lines in New York, Brooklyn, 
and Chicago were of this type. 

With the development of electric traction, these lines were 
electrified ; trucks carrying electric motors were installed under the 
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cars and the trains equipped with multiple-unit control. While the 
cost of this type of rapid transit was in excess of electrically propelled 
street cars, it was a small fraction of the cost of subways. 

All rapid transit lines in Chicago were elevated lines financed 
by the issue of bonds and capital stock, with the exception of the 
State Street subway. Its construction was begun in December, 1938 
to afford relief from congestion on Loop elevated lines and to give 
better access to the office building and retail district. Approximately 
five miles in length, this subway cost $57,400,000, of which 
$22,000,000 was granted by the Public Works Administration and 
the balance advanced by the PWA as a loan to the city of Chicago. 
At that time both the Chicago Surface Lines and the Chicago 
Rapid Transit Company, owning the elevated system, were in 
bankruptcy. 

In Brooklyn, elevated lines were built by a number of companies 
whose properties were taken over by the Brooklyn Union Elevated 
Railroad in 1888 and 1889. The railroad financed the purchase by 
the issue of its bonds and stock. Later, the Brooklyn Rapid Transit 
Company acquired control of the Brooklyn Union Elevated Com- 
pany and put out several issues of bonds; the proceeds from the sale 
of these bonds were advanced to the constituent companies of the 
BRT system. The Brooklyn Rapid Transit Company was not 
chartered as a railroad but was given corporate powers appropriate 
as a financing medium for railroad and railway properties. 

The Brooklyn elevated lines had the right to bring their pas- 
sengersinto Manhattan over the Brooklyn and Williamsburg bridges. 
This operation, however, ended at the Manhattan terminals from 
which their passengers had to take other lines at an additional fare 
to reach their destinations. 

Proposals were formulated for extending the Brooklyn elevated 
service through a system of subways in Manhattan whereby pas- 
sengers could be distributed through the territory south of 59th 
Street without their changing cars or paying an additional fare. 
This ambitious program was to be financed on a 50-50 basis by the 
City of New York and the BRT, since it was apparent that the cost 
of subway construction was beyond the ability of any private 
company to finance. 

The city had squarely faced this problem with the Interborough 
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Rapid Transit Company whose subway system was financed and 
constructed by the City of New York and leased to the company. 
The Interborough also leased the Manhattan Railway for a long 
term of years. The leases provided for rentals equal to the interest 
and sinking fund on city bonds issued to construct the lines. 

Construction contracts with both the IRT and BRT provided 
that the rate of fare on the leased properties should be five cents. 
With the advancing cost of operation, the companies had extreme 
difficulty making ends meet at the five-cent fare level, and both of 
them endeavored to get the City of New York to permit them to 
increase their fares. This matter became a political issue. Mayor 
Hylan was re-elected several times on the platform to maintain the 
five-cent fare; the result was to bankrupt both companies. After 
long delays, they were forced to reorganize, both of them incurring 
great losses. 

Rapid transit in Boston consisted of elevated and subway lines 
built by the Boston Elevated Railway Company and financed by 
the issuance of stocks and bonds. ‘The BER Company also owned 
and operated an extensive surface railway system serving greater 
Boston. The proportion of the company’s capital investment and 
fixed charges applicable to rapid transit was much less than that 
of the properties in greater New York. But because of the rising cost 
of operation, accentuated by the first World War, the Boston El got 
into financial difficulties that led to formulation and consummation 
of a plan to take the properties over by a public corporation, similar 
to the present authority, which was financed to operate them. 

The first rapid transit line in Philadelphia was constructed in 
1903-1908 by a subsidiary of the Philadelphia Rapid Transit Com- 
pany, from the Delaware River westward to the so-called 69th 
Street terminal just outside the Philadelphia city limits. It consisted 
of a two-track subway under Market Street from the Delaware 
River to the east bank of the Schuylkill River, and from that point 
an elevated structure over Market Street to the 69th Street ter- 
minal, where extensive car shops and car storage yards were 
provided. 

Both PRT and the city desired to extend this subway-elevated 
line northeastwardly to Frankford but the company was unable to 
finance its cost. The city therefore contracted with PRT to build 
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this line and provide all the required capital and the necessary ad- 
ditional rolling stock; the company contracted to pay annual 
rentals therefor beginning at four percent and rising to five percent 
in 1927. This line began operation in 1922. 

The city entered into contracts for construction of a subway 
under Broad Street— its main north-south traffic artery. The sec- 
tion from Olney Avenue to City Hall began operation in 1928, and 
extended southward to Snyder Avenue. All of the cost of this subway 
and its rolling stock was borne by the city. The lease of the Broad 
Street subway to the PRT provided for annual rentals varying with 
the number of passengers carried. However, these rentals have never 
equalled the interest on the city’s investment. 

In 1959, the city and Philadelphia Transportation Company 
(successor to PRT) entered into a contract to replace with modern 
stainless-steel rapid transit equipment the cars operated on the 
Market-Frankford route, most of which are now fifty-three years 
old. Under the agreement the capital investment is made by the 
city through bonds issued by the city, the PTC assuming all interest 
and amortization charges, thus making the purchase without cost 
to the city taxpayers. 

The experience of Philadelphia coincides with that of New 
York, Brooklyn, and Boston and clearly proves that their rapid 
transit lines could not have been financed by a private corporation. 
The tremendous cost of subway lines, of necessity, makes their 
financing a public obligation. 

The rapid transit line in Cleveland was financed by the City 
of Cleveland through the sale of its own bonds. 

The rapid transit line in Toronto was financed by the Toronto 
Transit Commission, a large part of the money having been pro- 
vided out of profits from operation of its surface railway and bus 
system in the war years. 


THE PUBLIC AUTHORITY 


The preceding instances clearly demonstrate that adequate 
rapid transit transportation facilities cannot be financed by private 
corporations, and where subway construction is necessary, some 
form of public credit is required. 

The limitations imposed by law have made it difficult and, in 
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some cases, impossible to finance rapid transit on municipal credit. 
The mounting cost to cities of providing required water and sewer 
facilities, municipal buildings, schools, and highways has left in- 
adequate borrowing capacity for any comprehensive rapid transit 
program. As a result of this problem, the Public Authority was 
evolved and has been rapidly and widely applied. 

The authority is essentially a public corporation designed to 
perform a public function without profit to itself or anyone con- 
nected therewith. It has its genesis in a special act of the state 
legislature creating the authority as a corporation, or authorizing 
its creation and defining its powers and limitations. In some cases, 
the authority is involved in the construction of rapid transit lines 
in two states. In such cases, companion acts of the legislatures in 
these states are required and the contract formulated between the 
incorporators and the states frequently is joined by the cities in- 
volved which, in effect, is the charter of the authority. 

The authority sells its bonds, which are revenue bonds in that 
they expressly provide that neither the municipality nor the state 
has any obligation to pay the principal or interest on these bonds. 
The authority purchases the local transit property, formerly owned 
by one or more private corporations, creating a lien thereon as well 
as on any physical facilities constructed by the authority with funds 
resulting from the refinancing. 

One of the great advantages inherent in taking over an existing 
transit property by a public authority is the very large saving in 
taxes. While federal taxes are governed by a certain formula, local 
and state taxes of the transit properties are not uniform. Unques- 
tionably the transit industry is overburdened with taxes. According 
to the compilation of the American Transit Association reported in 
its 1960 “Transit Fact Book,” $84,700,000 was paid out in taxes in 
1959. Federal taxes aggregated $40,150,000, or 47.4 percent, of 
which $14,560,000 were income taxes and $25,590,000 were other 
federal taxes. State, county and local taxes aggregated $44,550,000 
or 52.6 percent of the tax total. 

In 1959, 91.99 percent of the operating income represented 
operating expenses, including depreciation; taxes amounted to 
6.15 percent, leaving only 1.86 percent for return on the investment. 
Through the creation of transportation authorities a large part 
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of the wartime federal taxes can be wiped out. The chief gain, 
however, is the drastic reduction possible in state, county and local 
taxes from which transit authorities are generally exempt—gross 
sales and use taxes, motor vehicle registration fees, fees based on 
mileage operated, sales taxes based upon gross receipts from retail 
sale or rental of personal property, franchise taxes, municipal fees 
and taxes, county registration fees, etc. These aggregate tax savings 
are applied by the authority toward the payment of interest and 
sinking fund charges on its bonds. 


BOSTON METROPOLITAN TRANSIT AUTHORITY 


The Boston metropolitan rapid transit system is owned and 
operated by the Metropolitan Transit Authority. The authority is 
managed by three trustees appointed by the governor with the 
advice and consent of the council. The authority has the power to 
issue its bonds to acquire property and to raise capital. The author- 
ity acquired title to the Boston Rapid Transit property connecting 
and serving fourteen cities and towns, including Boston. Provision 
is made for the extension of rapid transit service to other cities and 
towns under terms contained in the statutes. 

The regular fare, at this time, on the Boston system is twenty 
cents for a ride in one general direction with free transfer privileges 
at established points and without stopover. The authority also has 
a local fare of fifteen cents on buses, trackless trolleys and street 
railway lines to points designated by the authority. There are no 
transfer privileges. 

In view of the large area served by the Boston Rapid Transit 
property, it is possible to ride substantial distances on a number of 
lines, passing through various cities and towns, for a twenty-cent 
fare. This low fare contributes greatly to the annual operating 
deficits caused in part by the inheritance of fixed charges under the 
legislation which created the authority, and the ever-growing 
private automobile competition. 

The Boston plan is unique among authorities in that, whenever 
the income of the authority is insufficient to meet the cost of service 
as defined by statute, reserve funds, set up by law, are used to make 
up such deficits and, if in any year 
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“the amount remaining in the reserve funds shall be insufficient to meet the 
deficiency hereinbefore referred to, the trustees shall notify the state treas- 
urer of the amount of such deficiency, less the amount, if any, in the reserve 
fund applicable thereto, and the commonwealth shall thereupon pay over 
to the Authority the amount so ascertained. Pending such payment, the 
trustees shall borrow such amount of money as may be necessary to enable 
them to make all payments as they become due. . . . In order to meet any 
payment required of the commonwealth vider this section, the state treas- 
urer may borrow at any time, in anticipation of the assessments to be levied 
upon the cities and towns constituting the Authority, such sums of money 
as may be necessary to make said payments and he shall repay any sums so 
borrowed as soon after said assessments are paid as is expedient.” 


The deficiency which the authority calls upon the state treas- 
urer to pay is apportioned among the cities and towns constituting 
the authority; percentages used in assessing the deficit between the 
fourteen cities and towns served were determined by act of the 
legislature in 1940 during the period of public control. This still is 
the basis of apportionment. Apportionment of the deficit among the 
cities and towns for the years ended December 31, 1958, and Decem- 
ber 31, 1959, was as follows: 





(See Note) Deficit Year Ended Deficit Year Ended 

Cities and Towns Percent of Assessment December 31, 1958 December 31, 1959 
Arlington 1.8831 $ 297,170.07 $ 346,887.29 
Belmont 1.0923 172,374.74 201,213.42 
Boston 64.3828 10,160,183.35 11,860,004.78 
Brookline 3.9064 616,464.96 719,600.93 
Cambridge 8.3106 1,311,487.23 1,530,901.98 
Chelsea 2.0167 318,253.35 371,497-85 
Everett 2.3283 367,426.62 428,897.92 
Malden 3.3684 531,563.73 620,495.53 
Medford 3.2131 507,056.00 591,887.61 
Milton 0.7757 122,412.42 142,892.29 
Newton 0.7914 124,890.02 145,784.40 
Revere 1.6354 258,080.79 301,258.28 
Somerville 5 0044 789,739.21 921,864.35 
Watertown 1.2914 203,794.50 237,889.78 
Totals 100.0000 $15,780,896.99 $18,421,076.41 


Note: The basis of apportionment of the 1958 and 1959 deficit complies with the provi- 
sions of Section 13, Chapter 544, Acts of 1947 as amended by Chapter 389, Acts of 1957. 


The Boston plan has incurred annual deficits in a large portion 
of the years in which it has been in existence. These deficits have 
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been the subject of legislative inquiries by committees of the Mas- 
sachusetts legislature on a number of occasions, particularly with 
regard to apportionment of the deficits among the municipalities. 
The legislature in 1955 refused to enact special legislation, with the 
result that another annual passenger count of the persons in each 
city and town using the system became necessary. The recount 
increased Boston’s share of the deficit. However, in 1957, the 
legislature changed the Act to eliminate the necessity for further 
counts as the basis for apportionment, and re-established the per- 
centages derived from the 1940 passenger count as the basis for 
apportionment. 

This deficit is not assessed against the passengers but against the 
municipalities. It is interesting to note, however, that the annual 
deficit per capita varied in 1959 from $5.45 for the people of Milton 
(both riders and those who did not ride) to $13.78 for Boston. The 
deficit in 1959 was about five cents per fare-paying passenger, which 
would make the fare equivalent to twenty-five cents—in line with 
the rates paid in other large cities, especially if the long rides are 
kept in mind. 

In 1947, the Chicago Transit Authority was formed and took 
over the surface lines and elevated system, consolidating them into 
one property. The bonds of the authority were sold to a syndicate 
which marketed them to investors. The sale, however, dragged and 
the syndicate felt itself lucky in getting out without loss. 

In 1953, the New York Transit Authority was organized and 
took over the rapid transit lines and a limited mileage of trackless 
trolley and motorbus lines in New York City and Long Island. No 
securities were sold by the authority. Additional capital has been 
provided from time to time by the City of New York. 

Both of these plans lacked the safeguards inherent in the Boston 
plan, and for this reason extended attention has been given to the 
Boston legislation because it envisages annual operating deficits and 
makes provision for the apportionment thereof. In our judgment, 
rapid transit plans by authorities in the future must contain pro- 
visions similar to the Boston plan because, unless such assurance is 
given against insolvency of the authority, it will be impossible to 
finance rapid transit development in such cities. 

With the loss in credit standing of transit properties because of 
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the serious drop in net income in recent years, the ability of an 
authority to do any considerable financing has virtually disappeared. 
Assurance must be created that the financial requirements will be 
met, and this can be done only by a program similar to the Boston 
plan unless a governmental authority itself provides the capital 
funds. The ideal solution has not been found, but an attempt will 
be made here to list possible sources from which necessary financing 
can be secured. 


FINANCING RAPID TRANSIT 


It is taken for granted that, because of tax savings and the greater 
advantage, from a popular viewpoint, of having a non-profit cor- 
poration finance and operate the rapid transit lines, an authority 
will be used. If the necessary legislation does not now exist or, if the 
existing statutes are not in any respect appropriate, amendatory 
acts must be passed by the state legislature. 

It is also assumed in this discussion that the authority will take 
title to and will operate the existing local transportation system, 
thus avoiding any fear on the part of bankers and the investing 
public that a competitive war will break out between the existing 
system and the new rapid transit system. 

The rapid transit lines must be complementary to the existing 
systems. Some of the present routes may be consolidated or aban- 
doned because the traffic will be handled by the rapid transit line, 
but there should be no competitive struggle over the traffic between 
the existing system and the new rapid transit line. 


POSSIBLE SOURCES OF CAPITAL FUNDS 


1. It has been argued with great force that the construction and 
operation of a rapid transit line in the center of an expressway is the 
cheapest method of increasing its carrying capacity, and certain 
overtures have been made to use the Federal Highway Trust Fund 
for this purpose. This fund was created by Congress which levied a 
one cent per gallon fuel tax to be deposited in the fund, out of which 
payments should be made to the states to defray ninety percent of 
the cost of construction under the Federal Aid Highway Act—the 
remaining ten percent to be provided by the states for road con- 
struction within their limits. 
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The difficulty has been that revenues coming into the trust fund 
were overestimated, and the construction cost of highways approved 
by the states was underestimated. The President recommended an 
additional one cent per gallon tax to enable the construction pro- 
gram to proceed at the speed estimated, but Congress did not levy 
this necessary additional tax. Therefore the trust fund has not been 
able to keep up with the program, and work has seriously dragged. 

The vested interests which had created the National Highway 
Users Conference violently opposed what they called attempted 
raids upon the trust fund by the telephone and other interests (in- 
cluding transit). It was claimed these interests were raiding the 
trust fund for purposes not contemplated at the time of its creation, 
and thus far the attempts have been defeated. Because additional 
taxes would be involved, there is not sufficient support from the 
cities for federal aid to rapid transit to make this an issue that would 
appeal to Congress. 

In the circumstances, the ability to secure favorable Congres- 
sional attention does not appear to be promising, although it should 
be noted that it was brought to the attention of the public in the 
recent presidential campaign. 

Sustained attention must be given to the possibility of having 
the federal government and the states provide the capital funds 
required to locate rapid transit facilities in future expressways, in- 
cluding the cost of necessary right-of-way, longer bridges across the 
expressway, station sites and adequate parking areas for transit 
patrons. 

2. Suggestions have been made that the cost of the rapid transit 
line should be met by capital advances by the city and the satellite 
counties traversed by the rapid transit line. Heretofore, cities have 
provided most of the funds for construction of rapid transit lines 
within their limits, and therefore it seems likely that no insuperable 
difficulty would come therefrom. The stumbling block is raising the 
money required for extending the city’s rapid transit line into the 
suburbs. 

At this stage, how to finance a rapid transit line serving a whole 
metropolitan area is a problem which has not yet been demonstrated 
in actual practice. However, it must be solved—and time does not 
permit delay. The plans for radial expressways are in formulation 
and, if rapid transit is to be provided in connection therewith, it is 
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essential that the plans be immediately modified in this respect. 
Unless this is done, the possibility of providing rapid transit to 
populous suburban areas not directly served by the existing rail- 
roads is foreclosed. 

Efforts of Philadelphia’s mayor and other leading officials to 
bring about concerted action between the city and the outlying 
counties thus far have been fruitless. The suburbanites are not in 
favor of mortgaging their counties to build a rapid transit line. Self- 
interest is, of course, the controlling factor. Many of these people 
use their private automobiles in commuting to the city, and what 
they want are more fast expressways. They do not realize the short- 
sightedness of this view. All highways are steadily approaching the 
saturation point and what today is adequate transportation un- 
questionably will be the headache of the future when the cost of 
remedying the situation will be prohibitive. 

Those who are fortunate enough to live in a community now 
served by railroad commuter service are violently opposed to any 
tax imposed to provide rapid transit for people living in other areas. 
In these circumstances, political leaders of the satellite counties 
refuse to co-operate with the cities in any joint program to provide 
the necessary financing. 

The most potent argument against such objections is that, if a 
program similar to the Boston plan were devised, the assessment 
against the county to meet the deficit arising from operation of the 
rapid transit line would be based on the number of its people using 
the service. Just as the childless property owner must pay school 
taxes, the transit assessment would be each property owner’s share 
of the cost of a service indispensable to the welfare of the entire 
community. 

3. The possibility of securing state aid for rapid transit seems 
very remote. Up to the present time no state has made any ap- 
propriation for this purpose. State legislatures are controlled by the 
rural vote and farmers have no interest in rapid transit and have 
refused to pledge their state’s credit for such purposes. All the states 
have done heretofore is to pass laws providing for creation of author- 
ities with the power to sell bonds and raise money, leaving to the 
cities creating the authority the unsolved problem of how to sell 
the bonds. 

As a matter of fact, the states have been jealous of the use of their 
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own bonds for any purpose except national defense, schools, and 
public health. However, some of the states have made it possible to 
create agencies to finance various public purposes. For example, 
Massachusetts has created the Boston Metropolitan District to issue 
and sell district bonds for certain specified public purposes, among 
which is the provision of funds to be advanced to the Boston Metro- 
politan Transit Authority. Indeed, the district does the financing 
for the authority. 

Pennsylvania has set up a state authority which sells its bonds 
to provide funds advanced to various school districts to build schools 
and to municipalities to pay for public buildings. It also created the 
State Highway and Bridge Authority to finance the construction of 
bridges and highways through the sale of its bonds. 

A generally similar plan of financing has been created in 
California. 

The suggestion is offered that, by an act of the legislature, a state 
could create a rapid transit authority whose operation would be 
generally similar to the State Highway and Bridge Authority of 
Pennsylvania. This agency would not engage in the construction of 
rapid transit lines but would be merely a financing medium to 
purchase bonds of the rapid transit authority under the conditions 
prescribed. 

Such an agency would not give currency to the bonds ofa rapid 
transit district or to the bonds of the rapid transit authority. To 
make such a plan practical, it would be necessary to couple with 
it a plan similar to the Boston plan for levying assessments or taxes 
upon the benefited municipalities to make up the deficit—whatever 
it might be—in the earnings of the rapid transit authority. 

The obligation of such municipalities to make up annual deficits 
by taxation must be a continuing obligation so long as any of the 
authority’s bonds are outstanding. Bankers and investors will re- 
quire legal opinions from bond counsel that the two obligations— 
to pay the bonds and to make up annual deficits—are firmly joined. 

4. The suburban railroad service always has been and will con- 
tinue to be an important factor in the provision of service to outlying 
communities. In spite of frequent fare increases and reductions in 
the number of trains operated, a large segment of the commuting 
public still continues to prefer and patronize this mode of transporta- 
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tion, although the percentage of diversion to the private automobile 
has been appalling. 

No railroad appears able to operate its commuter service without 
loss and, considering this fact and the general financial distress of 
the railroads, it is easy to understand why they are all disinclined 
to operate their suburban service without substantial public assist- 
ance. Their commuter equipment is old, uneconomical, and unat- 
tractive, but practically all railroads are unable to finance new 
suburban equipment. 

Legislation is pending in Congress, appropriating $100,000,000 
to be loaned to the railroads at three-and-a-half percent interest a 
year, for the purchase of new suburban equipment. Everyone agrees 
that federal financial aid is essential. 

Unquestionably the huge investment involved and the difficul- 
ties of financing are the two greatest obstacles in solving the complex 
and growing transportation problem. However, time does not per- 
mit procrastination and we cannot afford not to tackle the problem 
forthwith. The fact that many outlying areas are now more popu- 
lous than the center cities will give added weight to their demands 
for more and wider expressways if some other form of relief is not 
available. 

The experience of Los Angeles demonstrates that this is not the 
answer. Every new radial expressway has speedily become con- 
gested in the rush hours within a short time after its opening; its 
carrying capacity is too limited to handle the growing volume of 
vehicular traffic. If an authority is created, we must remember that 
any authority is a public body much more responsive to the pressure 
of voters than is any private corporation; and suburbanites will be 
able to compel the cities to face up to the problem of providing for 
their transportation needs. 

The planning of expressways by state highway departments is 
now under way and any provision for rights-of-way for rapid transit 
must be made immediately during the planning stage. Cities cannot 
sit by until increasing dissatisfaction with traffic congestion and 
overcrowded highways forces them into action. 
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ANY purchasers today are demanding a smaller, more 

economical, less pretentious automobile. Sales of foreign 

cars, and increased cost of fuel due largely to necessary taxes are 

factors in this trend. In addition to successful compacts on the 

market, the majority of manufacturers of medium priced cars are 
bringing out smaller, less expensive models. 

There has been an increase in the width of regular cars as well 
as in the thickness of doors. The success of the compact car and the 
importation of small foreign cars, in a measure, counteracts the 
increased size of regular cars. 

Further, there is a conflict of opinion, or misunderstanding in 
regard to parking facility design factors which should be clarified. 
For example: when is forty-five-degree- or sixty-degree-angle park- 
ing better; when does a ninety-degree angle best solve a particular 
problem? Presented here are some data and other material that 
can be helpful, especially in the design of garages, column location, 
and parking dimensions in general. 


1960 CAR DIMENSIONS 


The new and greater variation in car size calls for an increase 
in the average width of off-street parking stalls. For example, the 
1960 Lincoln occupies a net area of 126 square feet, fifty percent 
more than the Corvair’s 84 square feet. A Lincoln is six feet, eight 
and a half inches wide, one Ford model is six feet, nine and a half 
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inches wide, and the compacts range from five feet, seven inches for 
the Corvair up to six feet, one inch. 

An average door including the arm rest can be ten inches thick. 
The door of the larger car, when opened enough to squeeze through 
a net minimum eleven-inch opening and allowing a minimum of 
five inches for a safety factor (to prevent striking the next car), adds 
a minimum of two feet, four inches to the width of a large car. This 
calls for a self-parking, minimum-comfort stall nine feet wide. 

A stall nine feet, six inches wide would be more comfortable and 
would permit a comfortable seventeen-inch net door opening for 
getting in and out of today’s cars. Actually, this spacing with ninety- 
degree parking would use an area about five percent /ess per car 
space than the forty-five-degree plan shown in Figure 2. It would 
use less than five percent more area per car space than the sixty-degree 
plan shown in Figure 3. 

The Corvair requires a stall seven feet, seven inches wide to 
open only one door with an eleven-inch net opening and with the 
same five-inch safety factor. With an eight-foot stall a person could 
comfortably use either side for getting out of an average compact. 

Adapting the above criteria to the smallest 1960 compact, a 
seven-foot, eight-inch stall would be indicated. Many more small 
cars will be in operation than high-priced luxury cars, so to be 
realistic we should provide an average stall width of nine feet. 

To provide real convenience and comfort today for the woman 
shopper with children and packages, the stall width should be a 
minimum of nine feet. The majority of informed shopping center 
developers will agree. Spaces for the all-day worker-parker can 
be reduced to eight feet, six inches or slightly less in width, even for 
a self-parking facility. 

There are not many large cars in most all-day parking facilities 
and it is conceivable that certain areas in parking lots and garages 
could be designed and designated for compacts and foreign cars 
just as areas are allocated for American cars in many European 
garages. In Venice, in the huge Instituto Nazionale Autorinessa, 

there are several floors for larger American cars. When one arrives 
in Venice, he must leave his car and from there on be waterborne— 
or walk. 
It is easy to have enough off-street parking where automobiles 
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are prohibited, where only one facility is needed, and when the 
federal government owns and operates it. Undoubtedly, the 
economy-minded small car driver would be willing to park farthest 
away from his destination, or on an upper garage floor where the 
parking fee could be a fourth less for small cars. It would be a more 
equitable charge and provide better use of less desirable spaces. 

Concerning the introduction of small cars, we should consider 
the “design vehicle’ to be 216 inches or eighteen feet long and six 
and a half feet wide. We have conservatively used six feet, eight 
inches for the purpose of illustrating certain points. We also use in 
the drawings an inside minimum radius of thirteen feet, six inches 
instead of the twelve feet, eleven inches (r-Os) used in the design 
vehicle. 

Overhangs vary considerably. A 1960 Ford Fairlane has a two- 
foot overhang in front and four feet in the rear. A Chevrolet 
station wagon has a four-and-a-half-foot overhang in the rear. Ac- 
cordingly, wheel bumpers in parking lots—when not required as 
a safety precaution—waste space, add to the cost, and interfere 
with efficient snow removal. 


THREE PARKING PLANS IN FIGURE I 


Figure 1 compares the large and small car and also indicates 
door swings on all standard makes. It establishes what can be called 
a “door opening zone”’ seven feet long, beginning five feet, three 
inches from the front end. 

Modern structural techniques permit long spans of sixty feet or 
more, at a reasonable cost. When shorter spans are desirable eco- 
nomically, Figure 1 indicates the location limits of columns A and 
B so as not to interfere with the opening of car doors. 

Illustrated are three typical parking plans with forty-five, sixty, 
and ninety-degree angles. Countless possible variations in the 
angles can be used, depending upon the site and to better fit a 
given bay width. If it is desirable to decrease the bay width from 
those illustrated, as, for instance, in a garage, the stalls should be 
widened. 

A simple formula for ninety-degree parking, assuming a nine- 


1. Edmund R. Ricker, Traffic Design of Parking Garages. The Eno Foundation for 
Highway Traffic Control, 1957, page 68. 
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foot minimum stall, would be that for every four inches a bay is 
decreased in width, one inch is added to width of the stalls. Bays 
should not be less than sixty feet in order to keep parking maneuvers 
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in one easy, continuous motion and to maintain proper clearances. 
This, however, will increase the area per car space. For example, 
with a sixty-foot bay and a ten-foot stall the area would be increased 
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from the illustrated 288 square feet per space to 300 square feet. 
Note that this is only slightly greater than the sixty-degree, 297 
square feet, nine-foot stall plan. 


FORTY-FIVE-DEGREE PARKING IN FIGURE 2 


Figure 2 shows forty-five-degree parking in a bay fifty feet wide 
with nine-foot stalls. An additional two and a half feet must be 
provided in the last bay and five feet in a single bay for a total bay 
width of fifty-five feet. In a great many cases where the rear door 
can be opened (see car A-3), and the front door when C space is 
empty, the stallsk—when economically or otherwise desirable— 
might be reduced to eight feet, six inches wide. 

While the net area per car space for the nine-feet stall figures 
318 square feet, for comparative purposes we can assume, with an 
average bay width of fifty-cne feet plus the loss of about 168 square 
feet in the triangular area G at the end of each bay, that we should 
increase the area per car space about 2.5 percent to 326 square feet. 
Eight-and-a-half-foot stalls increased 2.5 percent figure 307 square 
feet per space. 

We have used herein the design vehicle length of eighteen feet. 
Also shown is a “‘head-on”’ plan of intermeshing spaces rather than 
herring-bone, assuming that every other bay would be alternating 
direction—one way. 

Note the indication of the average normal positions of a car 
when parking. Also indicated are various inside turning radii at 
various points, ranging from the minimum of twelve feet, six inches 
to twenty feet, and to a quite effortless thirty-foot inside turning 
radius for the forty-five-degree scheme. 


SIXTY-DEGREE PLAN IN FIGURE 3 


Figure 3 illustrates sixty-degree parking in a fifty-six-foot bay 
with nine-foot stalls. Here the nine-foot stall widths would be re- 
quired for convenience in getting in and out of the car as previously 
explained. This plan figures a net 290 square feet per car space. 
Again, additional width is required in an end or a single row bay, 
necessitating a fifty-eight-foot to a sixty-foot bay, increasing area 
per space to 297 square feet. If eight-and-a-half-foot stalls are used, 
the net area per car space is reduced to 274 square feet. 
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As mentioned in discussing forty-five degree parking, additional 
area would be required for an end or single bay, plus loss of tri- 
angular spaces. If the same 2.5-percent additional area per car 
space is used, 281 square feet per car space are required. 


PLAN USED IN FIGURE 4 


Figure 4 shows ninety-degree parking with nine-foot stalls and 
a sixty-four-foot bay. The various car locations show that for an 
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average travel distance of approximately twenty-five feet from 
position A2 through Ag, the car uses a thirteen-foot, six-inch radius, 
the assumed minimum for the large car. The maneuver for the 
small car would be simpler. 

Parking, backing out, and exiting are shown by solid, dash, 
and dotted lines. Each of these three necessary maneuvers can be 
accomplished in a single continuous motion. The average driver 
has no difficulty in missing the parked car on the driver’s side by 
twelve inches, but a clearance of about three feet on the right side 
as shown allays all fear of denting a fender. When the car is in 
motion this maneuver actually takes very little more physical effort 
than the twenty-foot radius turn shown in the sixty-degree scheme, 
even without power steering. 

With ninety-degree parking and a nine-foot stall, the area per 
space is 288 square feet. There is no loss due to triangular spaces. 
If the stall width is increased to a comfortable dimension of nine 
feet, six inches, it would require 304 square feet per space—which 
is still less than the 307 to 326 square feet used in the forty-five 
degree plan. 


ADVANTAGES OF ANGLE PARKING 


The proponents of angle parking rightly contend that it is easier 
to turn into a stall. In Figure 2, car A, by crossing over to the left 
side of the access aisle, can turn into the stall, using a comfortable 
inside turning radius of thirty feet. ‘This can be compared to Figure 
4 (ninety degrees) where an average travel distance of about twenty- 
five feet requires a minimum turning radius of thirteen and a half 
feet. The car moves ahead in a straight line from position Ag to Ag. 

There are many off-street self-parking facilities in which angle 
parking provides the best solution, such as in small areas with 
dimensional limitations or in cases where it might be useful to have 
one-way access aisles. The extra ease in parking under such condi- 
tions is a plus factor—if only a slight one—that is advantageous. 


BENEFITS OF NINETY-DEGREE PARKING 


In large facilities, such as a regional shopping center with 
thousands of spaces and parking bays 300 feet or more long, the 
ninety-degree plan has a number of definite advantages, proved by 
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countless examples in actual use. They may be listed as follows: 

First, the mandatory one-way access lanes necessary with angle 
parking, unless considerable area is wasted, can become a problem 
and possibly a hazard. Often, cars stop in an aisle and cause others 
to wait. Seldom are directional arrows painted on the pavement 
seen, and considerable confusion results. 

We should not regiment prospective customers with traffic 
rules, regulations, and the multitude of signs and lights necessary 
in the more congested areas. A ninety-degree parking plan with 
twenty-six to twenty-eight-foot access lanes becomes a comfortable 
two-way street compared to angle parking’s eighteen to twenty- 
two feet. 

One objective of any parking plan is to provide a parking 
maneuver in one continuous movement when entering a stall 
head-on, rather than the more difficult one of backing into a stall, 
necessary with parallel curb parking. Backing is not an easy maneu- 
ver for many drivers. 

Second, long bays and angle parking with one-way access aisles 
result in greater conflict between pedestrians and moving vehicles. 
With ninety-degree parking, the customer can back out and leave 
the parking area the way he entered, in a simple two-motion 
maneuver. This minimizes conflict between pedestrians and moving 
vehicles because shoppers are naturally more concentrated near the 
store buildings where cars are forced to go in one-way aisles. 

Third, ninety-degree parking can reduce internal driving dis- 
tance. Bays are commonly 500 feet long, and in the largest regional 
centers sometimes exceed 1,000 feet. With one-way access aisles, a 
car must always drive twice the length of a bay regardless of where 
it is parked. With ninety-degree, two-way access aisles, a car need 
drive only twice the distance from the ring road to the parked car. 

One factor in planning internal access should be mentioned. 
Intermediate or internal ring roads—except to provide not more 
than ten percent of total spaces outside of the main access road— 
for mandatory employee-parking during peak conditions, are con- 
fusing and a definite hazard. These hundreds of four-way inter- 
sections in large parking facilities cause at least ninety percent of 
accidents with accompanying property damage. 

Fourth, sight lines into the bays from a peripheral ring road are 











96 TRAFFIC QUARTERLY 


materially improved with ninety-degree parking and their wider 
access lanes—an important factor when a center is busy and close-in 
stalls are scarce. The angle of visibility—fifteen degrees or twenty- 
two feet in this case (see Figures 2 and 4) —is important in the search 
for an empty stall. An empty stall can be seen as easily 100 feet 
away as one only seventy feet away in the forty-five-degree plan. 


ADDITIONAL ADVANTAGES 


Further visibility into center buildings is improved with the 
wide-access aisles. ‘This can be important where vistas have been 
carefully planned featuring an arcade or store entrance. 

Fifth, sight lines and visibility when backing out of a stall are 
better with ninety-degree parking. As shown in Figure 2, a driver 
in parked car B must twist around about 178 degrees to see whether 
a car is entering the access aisle; in Figure 4, the ninety-degree 
scheme, the driver need turn only about 133 degrees in each direc- 
tion to perform this essential function. 

Sixth, exiting is often made easier in the ninety-degree plan, 
Figure 4, when a parked car C does not have a car parked opposite. 
It can drive out straight ahead directly into the adjacent bay with- 
out backing. In normal, non-peak times, drivers naturally try to 
park opposite an empty stall, hoping it will remain empty until 
they return. This is another advantage of eliminating floor bumpers 
or stops. , 

Seventh, a prevalent problem in large regional centers is that 
customers who spend a few active hours in the center forget the 
precise location of their parked car. Bays are usually prominently 
numbered or have other identifying signs, but these are often over- 
looked. 

The advantage of the wider bay plan is that twenty-two percent 
fewer bays are needed for a given number of cars than in forty-five- 
degree stalls, simplifying this problem to some extent. 

Eighth, with a given standard of what might be called dimen- 
sional comfort, using nine-foot stalls and ample access lanes, the 
ninety-degree design requires less area per stall—288 square feet vs. 
326 square feet for forty-five degrees, and 297 square feet for sixty 
degrees. 

The three-percent more area used by the sixty-degree plan is not 
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too important, but the thirteen percent used by the forty-five degree 
scheme can be when a site is limited in area. 


TABLE I—SUMMARY OF DIMENSIONS 


Average Adjusted Area 
Parking Type Stall Width Bay Width Access Aisle Per Space 
DEGREES FT. IN. FEET FEET 
45 9 0 50 19 326 
45 8 6 50 19 307 
60 9 o 56 20 297 
60 8 6 56 20 281 
go 9 o 64 28 288 
go 9 6 64 28 304 
go 10 fe) 60 24 300 
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NIFORMITY in traffic laws and regulations was emphati- 

cally urged by the President’s Highway Safety Conference 
held in Washington, D. C., in 1946 and is widely recognized as 
one of the most important objectives in the program to reduce 
accidents and facilitate the orderly flow of traffic.” 

This opening sentence of the Introduction to the Manual on 
Uniform Traffic Control Devices for Streets and Highways (August 1948 
edition) is as true today as it was when written. Furthermore, it 
indicates the time that has passed since serious effort was initiated 
to obtain uniformity of traffic signs, signais, markings, and rules of 
the road throughout the United States. The Manual, produced in 
1935, the Uniform Vehicle Code and the Model Traffic Ordinance 
for Municipalities, both formulated in 1926, have been available 
to all units of government as guides to achieving uniformity for 
more than twenty years. 

Has uniformity been achieved? Do the various states have 
adequate provisions in their laws for achieving uniformity ? If the 
states do have adequate provisions, why has uniformity not been 
obtained ? If the states do not have adequate provisions, how can 
they be encouraged to include them? These and other questions 


EDITOR’S NOTE: The study discussed in this article was performed by the 
author for the Midwestern Committee on Highway and Highway Safety 
Problems, Council of State Governments. The study concerns traffic laws 
and practices existing in 1958 in twelve midwestern states. 
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were considered proper areas for a research study to ascertain the 
adequacy of provisions for uniformity in various midwestern states. 

Information collected during the study included copies of the 
state traffic laws and regulations and state manuals of uniform 
traffic control devices. Individuals in twelve midwestern states 
were interviewed concerning their practices and laws and their 
efforts to achieve uniformity. A questionnaire was also used to 
obtain complete and detailed answers to specific questions from a 
traffic control official in each of the states. 

This article presents a summary of the data in the replies to the 
questionnaire and the interviews, as well as an evaluation of a 
sample of provisions in the uniform vehicle codes and uniform 
manuals of the states that submitted them. 


WHAT IS UNIFORMITY ? 


Before considering provisions for uniformity, a clear under- 
standing of its meaning is necessary. Many proposals for a federal 
traffic code enacted by Congress to require uniformity have been 
made, but this is a drastic step. Each state now has the responsibility, 
and many believe it should retain that responsibility, to enact the 
necessary laws and regulations for the safe flow of traffic. This is 
consistent with the basic principles of our form of government. 

With this responsibility, however, is included the requirement 
that the regulations and traffic control practices of each state be 
known and understood by all motorists, regardless of their state of 
residence. The only way this is possible is for each state to have the 
same or very similar regulations, that is, uniformity. 

The Uniform Vehicle Code states in regard to the “. . . rules of 
the road—the things that drivers and pedestrians shall and shall 
not do when on the public highway. If the public is to understand, 
remember and observe these rules in interstate travel, they should 
be exactly the same, word for word, in every state . . . The language 
of the Code has been tested by long experience and there is no need 
for deviation ... Safe, efficient highway transportation requires, 
in every state, adequate statutory coverage of not merely one but 
all of the subjects in the Uniform Vehicle Code.” 

The Manual on Uniform Traffic Control Devices for Streets 
and Highways is an essential part of the uniformity plan, and was 











100 TRAFFIC QUARTERLY 


specifically recommended for adoption by the 1946 President’s 
Highway Safety Conference. This manual includes recommended 
standards for uniformity of design, location or position, and ap- 
plication. All three are extremely important. 

Unfortunately, most evaluations indicating that substantial 
uniformity has been achieved report only the fact that shape, color, 
size, symbols, and other design factors are substantially the same. 
These evaluations have neglected to learn or report that position 
and application of traffic control devices are far from uniform within 
states or between states. 

Uniformity in signs, signals, markings, and rules of the road, 
therefore, means that substantial uniformity in (1) meaning, (2) 
design, (3) location, and (4) application of signs, signals and mark- 
ings must be attained within and between all the states before the 
objective is reached. Adequate legislative provisions within each 
state must also give a uniform meaning to traffic control devices. 
To achieve this goal, the legislative acts of each state should con- 
form with the Motor Vehicle Code, and regulations of munici- 
palities should accord with the Model Traffic Ordinance for 
Municipalities. 

Uniformity in design, location and application requires that 
each state have a manual for uniform traffic control devices in 
conformity with the national manual; that adherence to its provi- 
sions be required of everyone placing signs, signals and markings; 
and, most important, that their use be based on sound engineering 
principles and established by factual studies. 


HAS UNIFORMITY BEEN ACHIEVED ? 


The answer to this question in the midwestern area is clearly no. 
Progress toward uniformity has undoubtedly been made, but a 
great lack of it still exists both within states and between states. And 
after twenty to thirty years of trying to achieve uniformity, this is 
not a promising sign. The method of getting uniformity—by action 
of each state—is necessarily slow, but it appears that inadequate 
education and emphasis have been placed on the objective in 
many of the states. 

As one example of the status of uniformity, the meaning of the 
steady yellow or caution phase of a traffic signal was randomly 
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selected and analyzed in each of nine midwestern states that made 
their laws available. The Uniform Code recommends that the 
yellow phase only follow the green phase on a street, that it be 
shown alone, and that its meaning is “that the red or stop signal 
will be exhibited immediately thereafter and such vehicular traffic 
shall not enter or be crossing the intersection when the red or stop 
is exhibited.”’ In only one state of the midwestern area does this 
regulatory signal have such a meaning. 

One state permits the yellow phase with or following the green, 
and specifies that “Vehicular traffic facing the signal shall stop 
before entering the nearest crosswalk at the intersection, but if such 
stop cannot be made in safety, a vehicle may be driven cautiously 
through the intersection.” This meaning has the disadvantage of 
being difficult to enforce. It leads to abuse by the motorist since it 
is almost impossible to determine, after a violation, when a stop 
could have been made safely. Four other midwestern states have a 
similar meaning for the caution signal. 

Another state permits the yellow phase alone or with the green 
or red phase. When following the green, it means that “‘All other 
traffic (besides pedestrians) facing the signal is warned that the red 
or stop signal will be exhibited immediately thereafter and that 
pedestrians proceeding in accordance with traffic control signals 
shall have the right-of-way.” 

No statement regarding this traffic control element could be 
found in the laws of two other states. 


NO-PASSING ZONES STUDIED 


As another example of provision for uniformity, the method of 
marking no-passing zones was studied. A companion study of 
center-line markings was also included. The uniform manuals of 
nine states were obtained and requirements for these markings 
were taken from them. 

The national uniform manual (1948 edition with 1954 revisions) 
for rural roads recommends that the center line be a broken white 
line, that a solid white line means drivers are not to cross the line, 
and that no-passing zones be marked with solid yellow lines parallel 
to the center line. However, it permits marking of no-passing zones 
with solid white lines. 
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With this permissive exception given in the national manual, it 
is not surprising that other exceptions are exercised by many states. 
The lack of a single specific national standard for several signs, 
signals and markings may, in fact, be one reason why uniformity 
has not been substantially achieved. 

The recommended national standard for center-line and no- 
passing marking in rural areas is prescribed in only three of the nine 
midwestern states studied. One state permits a solid black or solid 
white center line; another permits a solid white center line; a third 
uses either a dashed or solid white line; a fourth authorizes a solid 
black center line and also allows solid white lines for marking of 
no-passing zones, although it recommends solid yellow lines for 
this purpose. 

One state requires the use of a broken line for center lining and 
a solid line for marking of no-passing zones, but specifies that all of 
these lines are to be yellow. Another state permits solid black center 
lines on Portland cement surfaces, and alternating black and white 
or dashed white on all surfaces. 

To motorists operating in these nine states, a solid white line 
means no-crossing in six states but means one may cross in the other 
three. No-passing is marked by a solid yellow line in eight states but 
may be indicated by a solid white line in the ninth. This may sound 
confusing to read, but how much more confusing —and dangerous— 
it must be to an interstate motorist. 


STOP SIGNS LACK UNIFORMITY 


As a third example, the manual recommendations regarding 
the most important of all signs—the stop sign—were checked for 
the nine states where uniform manuals were made available. The 
only standard stop sign, according to the national uniform manual, 
is the red octagon-shaped sign with white letters (and no message 
other than stop permitted). All nine states require the use of the 
octagon shape. This, incidentally, was the only complete uniformity 
found in the sample of items studied in all manuals. 

Five states also prescribe the red sign, with white letters and no 
other messages, as the standard one in their state. One state, how- 
ever, prescribes that existing signs of black on yellow are legal but 
that they are to be replaced with standard signs when replacement 
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is required. No date is specified as to when this must or should be 
accomplished. 

Another state also requires the standard red sign and includes 
the same legalizing exception for the black on yellow sign. In ad- 
dition, it adds the clause that the black on yellow will be legal 
“until such time as... dependable red-finished signs are avail- 
able.” 

These exceptions stated in the law often serve as excuses for 
non-compliance by local authorities. One state not only permits 
the use of additional messages on stop signs but encourages in its 
manual such messages as through-street, state route, and county 
route. 

In another state, only the national standard stop sign is per- 
mitted, but secondary messages are authorized. Still another state 
prescribes that the stop sign shall be red with silver letters, or yellow 
with black letters. One state’s manual still prescribes the yellow 
with black letters as the standard. 

The only conclusion that could be drawn from this study of 
three randomly selected items is that provisions for uniformity 
between states in the midwestern area do not exist; and without 
uniform provisions, uniform practices could not be expected to exist. 

As to uniformity within states, representatives of the various 
states believed they had achieved reasonable uniformity. This was 
especially true of highways under the jurisdiction of the state high- 
way department. It was also believed to be true on other highways 
in those areas where placement of traffic control devices is the 
responsibility of a county, city, or traffic engineer. 

It is undoubtedly true that uniformity within a state is correlated 
with competency of those officials responsible for installation of 
traffic control devices. Because uniformity in application requires 
factual studies and an engineering analysis, this responsibility is 
best placed in the hands of a qualified and competent individual. 

On the other hand, representatives of all states indicated uni- 
formity in application still was not good everywhere in their state; 
in some states it was believed to be very poor. One state (in addition 
to the nine mentioned) does not have a uniform manual to guide 
local authorities. In two other states, copies of the manual were not 
currently available. 
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It should be noted, however, that great effort to gain uniformity 
within a state may not be advisable unless that uniformity is in 
accord with national practice. Inasmuch as it appears that all 
states need to revise their laws and manuals to make them conform 
with national standards, the expenditure of great effort before doing 
this revision will only lead to further confusion, and may create 
disrespect for uniformity among those charged with achieving it. 


ADEQUACY OF PROVISIONS 


Results of the study indicate that the state codes in at least five 
of the twelve states do not substantially conform to the Uniform 
Vehicle Code requirement that the state adopt a uniform manual 
consistent with the current system approved by the American As- 
sociation of State Highway Officials. Some of the other state codes 
have also included qualifying statements in their provisions for 
adoption of a uniform manual. Only one state of the twelve, how- 
ever, did not have a state uniform manual. 

The states with manuals, as pointed out earlier, should review 
their manuals and have them “‘so far as possible conform to the 
system then current as approved by the American Association of 
State Highway Officials.” It appears, however, that even in the 
states where the code requires this, those responsible for preparing 
the manual have taken the words “‘so far as possible” to mean that 
they can interpret the wording of the national manual to permit the 
inclusion of existing or proposed practices for traffic control devices, 
many of which may have their personal approval but were judged 
by the National Committee on Uniformity to be unsatisfactory. 

The study also indicates that revisions of state manuals are not 
made as quickly as is desirable. The latest major revisions in the 
national manual were made in 1954, but one of the states had not 
yet (four years later) revised its manual in regard to the red stop- 
sign change. In only seven states had changes been made between 
1954 and 1958. 

In preparing its manual, only one state formally conferred with 
adjacent states, although it is evident that the manual in no state 
completely follows the national manual. Consultation with groups 
within the state, if for no other reason than education and good 
public relations, should also be improved during manual prepara- 
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tion or revision. The responsibility for consultation should rest with 
the state highway department since that agency compiles and 
adopts the manual in all the states studied. 

State regulations do, in all the states questioned, require the 
state highway department to follow the manual if they have one. 
These regulations also require that only devices conforming with 
the manual be erected on state highways. In a few of the states, 
however, other units of government are not required to place 
devices prescribed by the manual. They may place what they wish 
on the roads and streets under their jurisdiction. 

The representatives of the various states also agreed that even 
in those states where cities and counties are required to conform 
with the state manual, uniformity of location and application is 
not the best—primarily because of the lack of competent engineer- 
ing personnel with adequate authority in the small jurisdictions. 

State regulations in the midwestern area, as a rule, do not 
specifically provide for inspection and enforcement of compliance 
with the state manual, especially on non-state highways. Regular 
inspection of non-state highways is seldom done by anyone; 
penalties are usually lacking and, even if available, usually are not 
imposed. Removal of non-conforming devices on other than state 
highways is rarely done, and is not authorized in some states. 

The only means of enforcement used, and available practically, 
are education and discussion, and then voluntary compliance. It 
should be pointed out, however, that this method of obtaining 
compliance may actually be the best method; but if it is, then it 
must also be admitted that procedures, facilities, and personnel to 
provide education for local authorities need to be greatly improved 
if uniformity is to be attained within a reasonable period of time. 

Most of the representatives of the states queried believed that 
unauthorized devices placed by competent authority would not be 
legally binding on the motorist, although they had in most instances 
no legal decision on this question. In one state, any traffic control 
device placed by competent local authority is authorized and con- 
sequently binding. 

Unauthorized signs that resemble or interfere with authorized 
signs are prohibited in most states of the area, although this regula- 
tion needs strengthening in some states, especially with respect to 
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local roads and streets. The authority to remove such unauthorized 
signs is exercised, at least to some degree, in those states possessing it. 

The state manual in most states is distributed quite broadly and 
very thoroughly to those agencies that are required to use it. In 
three states it is distributed only on request to cities and to other 
agencies that should be using it. One state requires some who should 
have it to purchase the manual. Distribution within a state varies 
from 100 (undoubtedly too few) to 4,000. Most states have a good 
system (if used) of advising holders of changes in the manual. 

Although review of the manual in most states is usually assigned 
to a specific section of the state highway department, it is evident 
that only a few states have provided an organization and a method 
within that group to insure constant and regular review. 


CONCLUSIONS 


On the basis of study findings, the following recommendations 
are pertinent: 

1. Many states should take steps to bring their state vehicle 
codes into conformity with the Uniform Vehicle Code through a 
legislative interim committee or study commission. Such a commit- 
tee or commission should compare in detail each provision of the 
Uniform Vehicle Code and the pertinent provision in that state 
and should then make its recommendation. The committee may 
find it desirable to recodify the entire motor vehicle law. 

2. Many states should develop a model traffic ordinance for 
municipalities within their state that conforms insofar as possible to 
the Model Traffic Ordinance for Municipalities, and every munici- 
pality within the state should then be encouraged to adopt such 
model ordinance. Municipalities could be encouraged to adopt 
such a model ordinance by each state’s passage of an enabling act 
which would permit the municipalities to adopt the model ordi- 
nance for that state by reference, thus eliminating much of the 
drafting and printing costs. 

3. Many states should review their manual on uniform traffic 
control devices and bring it in fact into conformity with the current 
system as approved by the American Association of State Highway 
Officials. Those states that do not now have a manual should 
prepare one in conformity with the approved system. In view of 
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the fact that a revised national manual is now being prepared, 
state manuals should conform with this new revision. 

4. Each state should provide within its organization a group 
charged with the responsibility of educating the people of that state, 
and especially the officials of the various jurisdictional units, about 
uniformity in the area of traffic control. 

5. Steps should be taken in each state to insure that traffic con- 
trol devices are placed only after proper engineering study and 
analysis. This measure may require provisions requiring the employ- 
ment of competent engineering personnel, provisions for inspection, 
and provisions for enforcement. Present legislation on the last two 
items especially needs strengthening in almost every state. 

6. Each state should provide for continuous review of the 
adopted uniform manual and assign to a specific state agency the 
responsibility for keeping it current and for keeping all necessary 
holders of the manual informed of all revisions. 

7. The American Association of State Highway Officials, the 
Institute of Traffic Engineers, and other groups involved in prepar- 
ing the national manual on uniform traffic control devices, are 
urged to make the revised manual available at an early date and 
to remove all exceptions to recommended standards. 

If these recommendations were accomplished throughout the 
United States, uniformity of signs, signals, markings, and rules of 
the road would be accomplished and assurance would exist, “as far 
as this can be done by law and its enforcement, that traffic shall 
move smoothly, expeditiously and safely; that no legitimate users 
of the highway, whether in a vehicle or on foot, shall be killed, 
injured or frustrated in such use by the improper behavior of 
others.”’ And this, in fact, is the goal of uniformity. 
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N the last few years, increased efforts have improved and simpli- 
fied the driving task at night. 

Intersections provide an extremely complex problem. They re- 
quire adequate visibility on all roadways, ramps, and areas of speed 
change. It is necessary also to provide the driver with the informa- 
tion as to which portion of the intersection he wishes to use. 

Improvements in vehicle headlights, roadway lighting, reflec- 
torized signs, roadside delineators and pavement markings have 
optimized visibility and provided the required information. No one 
or combination of these improvements has made conditions that 
approximate daytime visibility. 

This article discusses a new system for intersections that uses 
color extensively to provide information, with reflectorization to 
increase visibility. Massive reflectorization of the ramps, colored 
roadside delineators and reflectorized signs are combined to clearly 


AUTHOR’s NOTE: During the summer months of 1959 the Traffic and 
Planning Division of the Minnesota Highway Department and a manu- 
facturer of highway sign materials conducted a joint field study of an 
experimental reflectorized color guidance system installed in the cloverleaf 
interchange at the intersection of U.S. Highway 61 and Minnesota 
Highway 36. This article is a report of the experimental results of traffic 
surveys and driver-interviews made for the study. A description of the 
reflectorized system is included. The author served as a consultant to the 


manufacturing company during the planning, conduct, and analysis of 
the field studies. 
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distinguish the significant features of an interchange. The nature 
and location of ramps, speed-change and through-lanes; regulatory, 
warning signs and markings, and guide signs are integrated in the 
system. To relate the parts of the interchange having a common 
purpose (e.g., service to existing traffic), color was used to further 
distinguish the features of an interchange. During the summer of 
1959 this system was given a trial installation in the cloverleaf inter- 
change at the intersection of U.S. Highway 61 and Minnesota 
Highway 36, with the assistance and co-operation of the Minnesota 
Highway Department. 

Yellow, consistent with its note of caution, was used to indicate 
on-ramp and acceleration lanes. Devices and markings indicative 
of the exit areas, including deceleration lanes, used blue as the 
identifying color. Three factors entered into the choice of blue: 

Blue as a color has not been used for any major highway traffic 
control functions. 

Blue provides maximum contrast with the yellow used at high- 
way entrance locations. 

Blue lighting and reflectorization are currently in use for airfield 
taxiway and off-ramp guidance systems. 

Application of the reflectorized color treatment to a typical 
cloverleaf interchange is illustrated in Figure 1. The traveled road- 
way surface of deceleration lanes and exit ramps is treated with 
blue reflective material and paralleled by triple, blue delineators. 

Guide signs, appropriate to the particular exit, also use blue 
reflective material. Merging or entering ramps, and the associated 
acceleration lanes are treated with yellow reflective material paral- 
leled by yellow delineators along the entering ramp and accelera- 
tion lane. The yellow delineators also parallel the right-hand edge 
of the through-highway preceding merging zones. The customary 
standard warning series of yellow signs are used at necessary points 
throughout the cloverleafinterchange. The remaining through-lane 
delineation was accomplished with conventional silver materials. 
Traffic guidance was provided by standard green signs. 

As the motorist approaches the interchange, guidance informa- 
tion is presented on conventional, green exit guide signs, one and 
two miles from the interchange. Blue exit direction signs and blue 
delineation corresponding to the first exit ramp become visible to 
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the driver as he enters the interchange area, followed closely by the 
blue pavement treatment on the deceleration lane and ramps. As 
the driver proceeds through the interchange, merging areas and the 
other exit ramps are identified by the distinctive yellow at entrance 
points and blue at the exits. 

In the experimental application used in Minnesota the system 
was installed for northbound traffic along Highway U. S. 61 and 
the four exit and entrance ramps adjacent to U.S. 61. The re- 
flectorized pavement treatment was extended 200 feet beyond the 
nose of the exit ramps and 150 feet beyond the nose of the entrance 
ramps (inner loops). 

Delineators were placed at conventional 200-foot spacing at the 
approach to the interchange and then reduced to 50-foot spacing 
for through lanes, 25-foot for exit ramps (outer loop) and decelera- 
tion lanes and 15-foot for entrance ramps (inner loop) and accelera- 
tion lanes. Signs were designed to standards of the AASHO Manual 
for Signing and Pavement Markings of the National System of 
Interstate and Defense Highways (1958) with minor modification 
because of the absence of overhead sign structures and absence of 
fully limited access control. 

Details of the application and physical characteristics of the 


materials used in the reflective system were reported in a paper by 
J. T. Fitzpatrick." 


PROGRAM OF STUDY 


A study program designed to evaluate the reflectorized system 
was undertaken over a seven week period during the summer of 
1959 at the U. S. 36—Minnesota 61 Interchange. An existing pave- 
ment lighting installation permitted the study of various combina- 
tions of day and night visibility conditions. Five nighttime visibility 
conditions and two daytime visibility conditions were evaluated for 
this study. The conditions and dates of the tests are listed below. 

Because of the desire to keep the total test period to a minimum, 
the time between changes in the different conditions was limited to 
three- or four-day week-ends. This requirement was in direct conflict 


1. Fitzpatrick, Joseph T., “Unified Reflective Sign, Pavement and Delineation 
Treatments for Night Traffic Guidance.” Paper presented at 39th Annual Meeting, 
Highway Research Board, Washington, D. C., January, 1960. 











Condition 
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II 


III 


IV 


V 











Dates 
June 8-12 


June 16-18 


June 22-26 


July 13-16 


July 20-22 


July 12-18 
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with the desire to give drivers more time to adjust to the changing 
conditions. The only publicity informed the public that the lights 
at the interchange were to be turned off for a period of from five 
to six weeks so that the highway department might conduct a series 
of tests on new devices for nighttime traffic operations. 


Description 
Night—Lights On 
Intersection operated as before test period. Lighting 
consisted of mercury vapor luminaires at approxi- 
mately 200-foot spacing and designed to provide an 
average illumination on the pavement of 0.6-0.8 
foot-candles. Only the interchange was lighted, 
U.S. 36 and Minnesota 61 were unlighted. 
Lights Off 
No special treatment added and the lighting was 
turned off. Existing signs remained unchanged. 
Interstate Delineation— Lights Off 
Lights remained off; delineators were placed ac- 
cording to the standards of the American Association 
of State Highway Officials, ‘Manual for Signing and 
Pavement Marking of the National System of Interstate 
and Defense Highways” (1958). (The standards were 
modified to correct for the radii of the curves at the 
interchange.) 
Full Reflective Treatment— Lights Off 
Lights remained off, blue and amber delineators and 
blue reflective pavement paint were placed as shown 
in Figure 1. Blue delineators and reflective paint 
represented the exit ramps. Blue reflective signs re- 
placed the green reflective signs at the nose of the 
exit ramps. Yellow reflective pavement paint and 
amberdelineators were placed atthe entranceramps. 
Full Reflective Treatment— Lights On 
All conditions as for Condition IV except that the 
lights were turned on as for Condition I. 
Daytime Before Treatment 
No changes made in signs, delineators or pavement 
markings. Same as Conditions I and II except lights 
not required. 
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VII = July 9-14 ~Daytime After Treatment 


Signs, delineators and reflective pavement mark- 
ings were arranged as for Conditions IV and V. 


METHOD OF STUDY 


The changes in visual characteristics, outlined above, were 
evaluated by measuring first, the effect of the change on the traffic 
stream as a whole and second, the effect on the driver as an individ- 
ual. Vehicular speeds, lane volume and placement were taken as 
indicative of stream effects, while drivers were interviewed in order 
to assess effects of the treatments on individuals. 

The Study Site: The intersection of U.S. 61 and Minnesota 
Highway 36 is a four-leg interchange (Figure 2) immediately north 
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Figure 2. U.S. 61-Minn. 36 Cloverleaf Interchange. 














of St. Paul, Minnesota, serving commuter traffic in the metropolitan 
area. Observations and measurements were made for northbound 
traffic on U. S. 61 and traffic using the two ramps in the southeast 
quadrant of the interchange. U. S. 61 at the study site has a four- 
lane portland cement concrete pavement with a median divider. 

Speed limits on U. S. 61 are sixty m.p.h. in the daytime and 
fifty m.p.h. at night. No special speed limits were posted for ramp 
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Figure 3. Geometric Details—Ramp A. 
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traffic, but yield-right-of-way signs were posted at points where 
ramp traffic entered through-lanes. Because of the proximity of the 
city, few drivers were observed exceeding the posted speed limits. 

Hourly volumes during the study ranged from 170 an hour at 
night to g11 an hour during the day northbound on U.S. 61. 
Ramp volumes during the study ranged from twenty-five an hour 
at night to 112 an hour during the day at the off-ramp, and from 
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Figure 4. Geometric Details—Ramp B. 


eighty an hour to 350 an hour during the same period at the on- 
ramp. 

Speed change lanes for the off-ramp and on-ramp are of limited 
design, but a ten-foot bituminous concrete shoulder, immediately 
adjacent to the through-lanes on U. S. 61, was available to road 
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users at the two ramps. Both ramps had bituminous concrete pave- 
ments, twenty-two feet wide with eight-foot bituminous concrete 
shoulders separated by an edge line paint stripe. The radius of the 
off-ramp was 955 feet and the on-ramp had a radius of 175 feet. 
Geometric details of the two ramps are shown in Figures 3 and 4. 
In the following discussion the off-ramp will be referred to as Ramp 
A and the on-ramp as Ramp B. 

Collection of Traffic Data: Eight segmented metal strips, ten feet 
long, were used on the pavement to measure placement and speed 
of vehicles. Placement was measured to the nearest one foot and 
travel time between successive strips was determined to plus or 
minus 0.05 seconds. 

The location of the tapes at the two ramps is shown in Figures 
3 and 4. For Ramp A tapes 1 and 2 detected both through traffic 
and ramp traffic while the remaining tapes detected ramp traffic 
only. For Ramp B tapes 1 through 6 detected ramp traffic only. 
Tape 7 detected ramp and through traffic and tape 8 detected 
through traffic only. 

All night-studies were conducted between the hours of 9:30 p.m. 
and 12 midnight, daytime studies between 3 p.m. and 5 p.m. Results 
of the speed and placement for each of the conditions were analyzed 
in one hour increments. All measurements were made on dry pave- 
ment with no abnormal weather conditions. 

Combined results of speed and placement observations, cal- 
culated by pooling the results of the four one-hour summaries for 
each test condition, are listed in Tables I and II. These combined 
results form the basis for the graphical comparisons as reported 
under analysis of results. 

Lane Usage and Volume Counts: Two observers, located on the 
overpass structure separating Minnesota 36 from U. S. 61, observed 
and classified lane use and ramp use for all vehicles proceeding 
north on U. S. 61, and along the off-ramp in the southeast quadrant 
of the intersection. The observers also noted lane changes for through 
traffic northbound on U. S. 61, classified by purpose as: passing a 
slower vehicle; anticipating vehicle entering at on-ramp, and no 
apparent reason. Volume counts were observed on the same 
schedule as those used for speed and placement data. 

Collection of Driver Information: Information about driver reaction 
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to the various night visibility and highway marking conditions was 
obtained from a schedule of driver interviews. Interview stations, 
located at stations A and B (Figure 2), were manned by personnel 
of the Minnesota State Highway Department. Drivers interviewed 
at station A were those who had just left U. S. 61 and were about 
to enter Minnesota 36 eastbound. 

Drivers interviewed at station B were those who were proceed- 
ing straight through northbound on U. S. 61 and also those who 
had entered U.S. 61 by the way of the on-ramp from U.S. 36 
eastbound. Few drivers were unwilling or unable to take time to 
answer the questions. Details concerning the sample characteristics 
have been reported by Darrell and Dunnette.* 


ANALYSIS OF RESULTS 


Velocity Analysis— Ramp A: The speeds used in the following dis- 
cussion are the combined average of all speeds observed for like 
conditions. Exceptions are the daytime study for Condition VI 
(7:30-8:30 p.m., June 18) and the night study for Condition IV 
(10 p.m.—12 midnight, July 8). In the first instance, while daylight 
conditions were present, drivers were not acting in the same manner 
as those who were observed during the 3 p.m.—5 p.m. daytime 
studies. The studies of July 8 were made the first evening of full 
reflective treatment and results are influenced by interested ob- 
servers and drivers who were using the ramps in an extraordinary 
manner. 

Velocities of Through Vehtcles—Ramp A: Velocities of through 
vehicles in the speed trap (1-2) are shown in Figure 5. Mean day- 
time velocities during the mid-afternoon hours (48.33 m.p.h.) are 
significantly higher than nighttime velocities (43.38 m.p.h.). The 
difference in speed limit at this site (sixty m.p.h. in daytime, fifty 
m.p.h. at night) tends to confuse the effect of visibility on the 
observed velocities. 

It is of interest to note that velocity observations made between 
7:30 p.m. and 8:30 p.m. on June 18 (during hours when the road- 
way and interchange appeared to the unaided eye to be as well 


2. Darrell, J. E. P., Dunnette, Marvin D., ‘“‘Driver Performance Related to Various 
Interchange Marking and Night-Time Visibility Conditions.” Paper presented at 39th 
Annual Meeting, Highway Research Board, Washington, D. C., January, 1960. 
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illuminated by daylight as during afternoon hours) for through 
vehicles showed a mean value about the same magnitude as night- 
time observations. Trip purpose and time of day have apparent 
influences separate from the physical conditions of the test site. 

The nighttime velocity for through vehicles during Condition I 
is significantly greater than all other nighttime through-velocities. 
With the exception of Condition I, the type of treatment on the 
ramp does not appear to have a great effect on the nighttime velocity 
of through vehicles as they enter the interchange area. 
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Figure 5. Velocities—Ramp A. 


Velocities of Through Vehicles Versus Velocity of Ramp Vehicles— 
Ramp A: A comparison of velocities of through-vehicles against the 
velocity or ramp vehicles at the same speed trap (tapes 1-2) and of 
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ramp vehicles at the next speed trap (tapes 2-3) is also shown in 
Figure 5. Vehicles in speed trap 2-3 are partially in the through 
lane and the difference in average speed between through vehicles 
and ramp vehicles at this point ranges from 8.49 m.p.h. to 3.70 
m.p.h. A summary of differences is found in Table III. 


TABLE III—VELOCITY DIFFERENCES (M.P.H.)—THROUGH 
VEHICLES vs. RAMP VEHICLES 


Condition: I II Ill IV IV Vv VI VI VII 
(1st (and (eve- (after- 
week) week) ning) noon) 


Through vs. Ramp (2-3) 5.93 3-70 4-94 8.49 5.03 5.17 4.62 4.12 5.45 
Through vs. Ramp (1-2) 4.40 2.25 2.61 5.19 4.46 3.56 3.05 3.12 4.23 

During daylight hours, when visibility is presumably ideal, the 
speed differential between through-vehicles and ramp vehicles 
ranges from 4.12 m.p.h. to 5.45 m.p.h. These speed differentials, 
day and night, indicate that the geometry of the exit ramp permits 
ramp vehicles to operate at a speed which minimizes interference 
with through vehicles. 

The difference in velocities between through vehicles and ramp 
vehicles at the first speed trap on U. S. 61 may give some measure 
of the advance warning given ramp vehicles by the intersection 
treatment. The differences are also listed in Table III. Daytime 
differences before treatment (Condition IV) are consistent at about 
three m.p.h. Drivers are aware of the ramp and make only slight 
adjustments for the change in speed. 

At night, with minimum lighting or guides (Conditions II and 
III), exiting traffic did not slow down in anticipation of the ramp. 
It is not possible to say whether this reflects greater confidence on 
the part of the driver or less advance knowledge of the point of exit. 
But since these differences are even less than those found under the 
best conditions of visibility (Conditions VI and VII) the evidence 
indicates that with no lights, or with interstate delineation only, 
drivers are not anticipating the ramp exit. 

The maximum speed difference occurs during the first week of 
full treatment (Condition IV). Drivers approaching the ramp are 
well aware of the all-blue surface treatment. This effect is also 
present in the daytime as evidenced by the speed difference of 4.23 
m.p.h. after full treatment as compared to a difference of 3.12 m.p.h. 
before treatment. 
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With one week of familiarization the speed difference for night— 
fully treated (Condition IV)—changed from 5.19 m.p.h. to 4.46 
m.p.h., indicating that drivers were going through a learning 
process. Further familiarization plus the lights (Condition V) 
resulted in a further decrease in speed differences. 

While the velocity differences between through and ramp 
vehicles at the first speed trap do not give clear-cut patterns it 
appears that two conclusions may be made: 

a. Minimum night visibility guides (Conditions II and III) 
give less advance knowledge of the precise location of the ramp 
exit, as evidenced by a minimum velocity difference between ramp 
and through vehicles. 

b. Drivers require a learning period and change their method 
of operation as time goes on after the introduction of a new and 
different night guidance system. 

Velocity Profiles of Ramp Vehicles—Ramp A: Mean velocities at 
each of the speed traps are shown in Figure 6. Daytime velocities 
are greater than nighttime velocities at all points. All conditions 
show a pattern of deceleration in passing from trap (1-2) to trap 
(2-3). 

The influence of the treatment on mean velocities is again 
evident. The lowest observed mean velocities at all stations occurred 
during the first week of full reflective treatment (Condition IV). 
Maximum nighttime velocities at all stations occurred with the 
lights off. During the second week of full treatment drivers had 
made adjustments and tended to drive at velocities which ap- 
proached those under the other conditions. The decrease in velocity 
with reflective treatment is also evident in the daytime studies. 

Before paint was applied drivers tended to maintain or slightly 
increase their velocity between the final two speed traps. In all 
instances, after reflective treatment had been applied, vehicles 
decelerated when leaving the painted section. Speed trap (6-7) was 
at the end of the treated section, speed trap (7-8) was beyond the 
treated section. Drivers faced with an abrupt change in surface 
treatment reacted by slowing down. (The delineation was con- 
tinuous over the length of the ramp.) 

Velocity Analysis—Ramp B: The purpose and geometry of Ramp 
B precludes a complete analysis of velocities as was made for Ramp 
A. The absence of an acceleration lane, the presence or absence of 
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vehicles on U. S. 61, a greater volume on Ramp B, and the restric- 
tive geometry of the ramp, limited the free choice of speed by the 
majority of vehicle drivers, so that visibility conditions are considered 
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Figure 6. Speed Profiles—Ramp A. 


to have a lesser effect than as in the previous analysis of Ramp A. 
The following data are presented to give an indication of the type 
and nature of operation at Ramp B. 

Velocities of Through Vehiclee—Ramp B: Velocities of through 
vehicles on U. S. 61 in the lane immediately adjacent to Ramp B 
are shown in Figure 7. The average of all nighttime velocities was 
42.70 miles an hour and for daytime the average was 45.61 miles 
an hour, in both instances less than the equivalent measurement 
made prior to the entrance to Ramp A. 























NIGHT VISIBILITY AND DRIVERS 123 


Through-vehicles at this point were influenced by the presence 
of ramp vehicles and by deceleration of some through vehicles pre- 
paring to turn at the next exit ramp immediately beyond the end 








of the speed trap. 
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Figure 7. Velocities of Through Vehicles—Ramp B. 


Maximum nighttime velocities occurred during the condition 
of poor visibility, i.e., no light, and with interstate delineation only. 
During the daytime the maximum through speed occurred after 
treatment. 

Velocity Profiles of Ramp Vehicles—Ramp B: Velocity profiles for 
Ramp B are shown in Figure 8. Daytime velocities are no greater 
than those observed at nighttime, again reflecting the influence of 
the volume on velocity patterns at this ramp. 

Vehicles enter the test area at a speed of about twenty-three 
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miles an hour and decelerate to about 18.5 miles an hour, at a 
point 100 feet before entering the through lane. From this point 
onward the average vehicles accelerate quickly, entering the through 
lane at a grand average velocity of 25.5 miles an hour, about fifteen 
to twenty miles an hour slower than the through vehicles in the 
same lane. 
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Figure 8. Speed Profiles—Ramp B. 


Lane Distribution: A principal function of the yellow reflective 
treatment at the on-ramp, Ramp B, was to give indication to 
through vehicles of an approaching merging area. It was reasoned 
that the percentage of vehicles in the median or left lane, most 
distant from the merging area of the off-ramp, would be a measure 
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of the number of persons who are aware of the merging area. It will 
be recognized that the percentage of persons in either lane is also 
influenced by the absolute volume of traffic on through lanes. 


TABLE IV—PERCENT OF VEHICLES IN RIGHT-HAND LANE 


Condition Percent in Lane Volume Rate (veh./hr.) 
On-ramp Through 
I 69.72 98 218 
II 70.59 87 225 
III 69.63 93 209 
IV 68.03 97 195 
Vv 61.69 102 212 
VI 47-13 Not calculated 
VII 49-35 Not calculated 
For nighttime lane usage x?=11.38 with 4d.f; P<.025 


Lane distributions, day and night, together with vehicular 
volumes, are shown in Table IV. The combination of lights and 
reflective treatment (Condition V) causes a significant change in 
lane distribution (x* =11.38 with 4d.f; P¢.025). Since volume rates 
are nearly uniform at night and will have little effect on lane place- 
ment, it is assumed that the significantly fewer vehicles in the right- 
hand lane are a measure of the advance warning of the merging 
area given to through vehicles. 

During the daytime there are more, rather than fewer, vehicles 
adjacent to the on-ramp. This is probably a reflection of the greater 
volumes during the time of the study for Condition VI, a factor 
which in itself influences the lane distribution in the manner 
observed. 

Lane Changes: A review of lane changes observed by volume 
checkers indicated that there was no significant difference in lane 
changes made for passing, vehicle at ramp, and no apparent reason. 
The different treatments have no apparent effect on this variable. 

Vehicle Placements—Ramp A: Figures 9, 10 and 11 illustrate the 
median placement of the right rear wheel of vehicles relative to the 
right-hand edge of the pavement and are shown to the nearest one- 
half foot. Placement stations 1 and 2 are located on the through 
pavement, the right-hand edge being the edge of the concrete. 
Posititions 3 through 8 are on the off-ramp with the edge of the 
traveled portion being separated from the paved shoulder by a 
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white reflectorized shoulder stripe. The nighttime situation with 
lights is taken as the standard of comparison. 

Vehicle placements for daytime before and after reflectorized 
treatment and for nighttime with the lights on (Condition I) are 
shown in Figure 9. The most notable difference between the three 
conditions occurs at stations 2, 3 and 4, when the effect of the treat- 
ment in daylight is to cause the vehicles to use the shoulder as a 
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Figures 9, 10, and 11. Placement Positions—Ramp A. 


transition lane to the ramp. (The geometry of ramp A is such that 
the most gradual approach to the ramp is one which approaches 
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Figures 12, 13, and 14. Placement Positions—Ramp B. 
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the shoulder of the pavement at stations 2 and 3.) At night, with 
lights, vehicles remained two feet away from the shoulder, following 
a more abrupt path to the ramp; in daytime before treatment the 
path is midway between the other paths shown. 

At nighttime with minimum guides (Conditions II and III) 
vehicles used nearly the same path as with the lights on, as shown 
in Figure 10. Drivers took a median position at least one foot away 
from the shoulder at all stations. 

Finally, the effect of the addition of the reflectorized treatment 
both with and without lights is shown in Figure 11. In moving from 
the through lane to the ramp at station 2, the vehicles again use 
more of the shoulder as a transition lane, as was the case for daytime 
with pavement treatment. Beyond the nose of the ramp the paths 
cross and are then parallel to the vehicular paths observed with 
lights only. 

In all instances in which reflectorized treatment was used (Con- 
ditions IV, V and VII), vehicles tended to use more of the shoulder 
lane parallel to U. S. 61 in decelerating and approaching the off- 
ramp. This is consistent with the observations for speed, in which 
instances reflectorized-treatment conditions apparently caused 
ramp drivers to approach with less velocity than for other con- 
ditions. During the daytime, with reflectorized treatment, when 
drivers were aware of the material on the edge of the shoulder, they 
did use portions of the shoulder in preference to driving on the 
brightly colored pavement. In no other instance was the median 
placement position beyond the edge of the pavement. 

Vehicle Placements—Ramp B: Median vehicle placements for 
Ramp B are shown in Figures 12, 13 and 14. Placements again refer 
to the right rear wheel and are referenced to the paved shoulder 
edge which is differentiated from the true pavement edge on the 
ramp by means of a reflectorized shoulder edge marking. Station 7 
is on the highway and the vehicle positions at this point are influ- 
enced by traffic on U. S. 61. Station 8 is beyond the point at which 
ramp vehicles would cross it and is applicable to through vehicles 
only. The discussion applies only to placement stations 1 through 6 
which are on the circular portion of the ramp. 

The condition for daytime before, daytime after, and lights on, 
is shown in Figure 12. For lights on and daytime before treatment, 
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the paths are very nearly parallel. After the painted treatment in 
the daylight, when the paved shoulder is visible to the driver, the 
driver path is shifted two feet toward the inside of the circle, the 
average driver using only the first seven feet of a twenty-two-foot- 
wide pavement. 

Vehicle placements for Conditions I, II and III are compared 
in Figure 13. The effect of turning the lights off is to cause the 
driver to move from half to one foot or more farther on to the pave- 
ment and stay away from the shoulder to a greater degree than 
with the lights on. There is little difference between the lights off 
condition and the addition of interstate delineator. 

The effect of reflectorized treatment during Conditions IV and 
V is shown in Figure 14. Again, the effect of treatment only (Con- 
dition IV), and treatment plus light (Condition V), is to move the 
vehicles closer to the shoulder, much as existed for the daytime, 
after reflectorized treatment. 

Analysts of Interview Results: Interviews of drivers were conducted 
for the nighttime studies, Conditions I, II, III, IV and V. A total 
of 1,133 motorists was interviewed at the two stations. The results 
are reported here in summary form only, since they did form an 
integral portion of the over-all plan of the experiment. 

A portion of the questionnaire inquired about the difficulties 
drivers had in negotiating the interchange. At station A the highest 
number of drivers had difficulties under Conditions II and III, 
nearly one driver in eight experiencing some difficulty in locating 
the exit ramp. For Conditions I, IV and V drivers experienced 
little if any difficulty at night. 

The percentage of drivers having difficulty in negotiating the 
intersection, is statistically significant at the .oo1 level. At station B, 
fewer drivers experienced difficulty than at station A, an expected 
result, since for the most part they were through-operators. In this 
instance the greatest number had difficulty during Condition IV 
but the sample size is not large enough to indicate statistical sig- 
nificance. 

A second group of questions was designed to evoke suggestions 
for improvement in interchange visibility for markings. At station 
A, the greatest percentage of drivers offering suggestions occurred in 
Condition II (lights off). The least number of suggestions occurred 
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with Condition V, a result which might logically be expected, since 
most drivers were used to the lights and missed them at the time 
they were turned off. 

One of the questions embraced driver ability to identify areas 
of merging traffic. From eighty-three percent to ninety-seven per- 
cent of the drivers indicated they were able to identify merging 
zones. Over half the drivers under Conditions IV and V mentioned 
the colors on the pavement and on the delineators as important 
sources of information. Before reflectorized treatment, approxi- 
mately ten percent of the drivers mentioned traffic flow as evidence 
of merging and exiting areas. 

Only one percent of the drivers used traffic flow as a clue after 
the reflectorized treatment was installed. The greater percentage 
of drivers recognizing the merging area may be compared with the 
significantly greater percentage of drivers using the outside lane 
(adjacent to the merging area) when the reflectorized treatment 
and lights were combined as shown in the lane usage study. 


SUMMARY OF RESULTS 


Drivers were also questioned on their ability to relate the use of 
blue in the co-ordinated signs, pavement, paint, and delineator 
treatment employed in conditions IV and V. Over one-third of the 
motorists noted that the blue of the exit ramp pavement matched 
the blue of the sign, indicating the location of the exit. It was also 
common for motorists to associate the amber or yellow colors of the 
pavement and delineator treatment with slow or caution. Darrell 
and Dunnette make the following statement in their summary: 
“Since differences in driver opinions and performance were ob- 
tained under the various conditions, it is evident that drivers show 
substantial concern and awareness of different night driving condi- 
tions. 

“Opinions obtained from drivers in this study suggest that they 
are more confident, have less difficulty, and have a better opportu- 
nity to do a good job of night driving when visibility and guidance 
are improved either by illumination, reflectorization, or both. More 
drivers experience difficulty in traversing the interchange, and more 
drivers madesuggestions for improvement under thedark and stand- 
ard delineation conditions than under the other three experimental 
conditions.” 
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Except for lights on, the type of treatment used at the intersec- 
tion had relatively little effect on nighttime velocities of through 
vehicles as they approached the interchange at a point 300 feet 
prior to the nose of the first exit ramp. Absolute volume levels of 
through and merging vehicles influenced the velocities between 
ramps A and B. Daytime through velocities were less after treatment 
than before. 

Greatest differences in nighttime velocities between through 
vehicles and off-ramp vehicles prior to their exit (taken as indicative 
of early recognition of the exit situation) occurred with lights only, 
reflective treatment only, and reflective treatment plus lights. Mini- 
mum speed differences at the off-ramp occurred with lights off and 
interstate delineation treatment. 

Daytime velocity differences between through-vehicles and off- 
ramp vehicles were greater after treatment. All daytime velocity 
differences were greater than at nighttime with no lights and with 
interstate delineation only. 

Minimum off-ramp velocities occurred during the first week of 
reflective treatment. Maximum nighttime off-ramp velocities oc- 
curred with minimum treatment—no lights. Daytime off-ramp 
velocities were consistently greater than nighttime velocities; day- 
time before reflective treatment greater than after reflective treat- 
ment. Off-ramp velocities tended to increase with time as drivers 
adjusted to the reflectorized treatment. 

Off-ramp vehicles tended to decelerate when passing from reflec- 
torized pavement to non-reflectorized pavement. This pattern 
occurred during daylight, with reflective treatment at night, and 
with reflective treatment plus lights. The deceleration took place 
even though the blue and yellow reflectorized delineators were 
extended over the length of the ramp. 

Velocities at ramp B are influenced by volumes of ramp traffic 
and through traffic, the higher velocities on the ramp occurring at 
night with low volume. Daytime ramp B velocities are lower, largely 
because of the influence of the greater volume rates during the day. 

A significantly greater number of drivers use the left-hand 
driving lane (giving greater freedom of movement for merging 
traffic) at night with the combination of reflective treatment plus 
lights. All other nighttime lane usage was not affected by the type 
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of treatment. Daytime usage of the left lane was greater before 
treatment than after treatment. In part, this represents the influence 
of greater daytime volumes before treatment. 

Observations of lane changes by purpose between ramp A and 
ramp B indicated no significant difference for all treatments. 

In all conditions of reflectorized treatment, daytime, nighttime 
treatment only, and treatment plus lights, drivers used more of the 
shoulder lane parallel to U. S. 61 in decelerating and entering the 
off-ramp. 

Minimum use of the shoulder for transition to the off-ramp oc- 
curred with lights on, lights off and interstate delineation. During 
daytime after treatment drivers tended to use the shoulder of the 
ramp proper for a greater distance than during any other treatment 
condition. 

At ramp B vehicle placements for lights on and daylight are 
nearly identical. With poorer levels of visibility, lights off and inter- 
state delineation, drivers move closer to the center of the ramp away 
from the shoulder. With treatment, day, night and treatment plus 
lights drivers tend to move away from the center of the ramp, using 
the extreme right-hand edge of the pavement. 

Driver interviews indicated that the greatest difficulty in nego- 
tiating the interchange and the most numerous suggestions for 
improvement occurred with lights off and with interstate delinea- 
tion only. Before reflective treatment ten percent of drivers men- 
tioned traffic flow as evidence of merging areas. After treatment 
one percent of drivers mentioned traffic flow as a clue for merging 
areas. 

Over one-third of the motorists noted that the blue pavement 
of the exit ramp matched the blue color on the sign at the nose of 
the ramp, indicating the location of the exit. Drivers also associated 
the amber or yellow colors of the pavement and delineator treat- 
ment with slow or caution. 


DISCUSSION AND CONCLUSIONS 


The conclusions drawn from the analysis of the data are based 
on studies made with minimum periods for driver familiarization 
between phases of the study. While further time for adjustment by 
the drivers to the different treatments may have influenced the 
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results, the basic measurements are taken to be typical of the in- 
fluence of the different treatments on driver patterns. 

The use of an integrated reflective treatment proved to be an 
effective aid to driver recognition and use of the highway interchange 
at this particular site. 

The most evident influence of the integrated reflectorized treat- 
ment occurred at the exit ramp. Both velocity differences and use 
of the paved shoulder as a transition to the off-ramp indicated that 
the system gave drivers knowledge of the exit location which was 
equal to that in daytime or with the lights on. Interviews of night- 
time drivers substantiated this pattern, a minimum of confusion 
about the exit occurring with reflectorized treatment and with the 
lights on. The combined use of lights and reflective treatment did 
not show a substantial change in the use of the exit ramp when 
compared with lights only or reflective treatment only. 

While it was not possible to isolate the influence of the system’s 
color key on the measured traffic variables, driver interviews in- 
dicated an awareness of the association of blue with exit-ramp signs 
and yellow with caution. 

The traffic variables measured at the on-ramp did not indicate 
as much influence by the treatment on ramp drivers, but lane usage 
and interviews of through drivers indicated that more drivers took 
clues from the signs and markings than from vehicle flow after the 
treatment was installed. The most notable influence on lane usage 
occurred when lights and reflectorized treatment were combined. 

There is evidence that full-width painting of the on-ramp in 
particular caused drivers to encroach on the shoulder. Whether 
drivers would follow this pattern with less substantial shoulders 
than are present at this site is not evident from the data. 

Also, the abrupt ending of the blue pavement at the off-ramp 
caused drivers to slow down when leaving the blue pavement. More 
gradual transitions for the start of the yellow on-ramp paint and 
the end of the blue off-ramp paint will probably diminish these last 
two effects. It is also possible that broad stripes of reflectorized pave- 
ment will accomplish the same results as obtained with full-width 
reflectorized pavement. 

Finally, further test installations at different interchanges will 
be required to substantiate the findings of this particular study and 
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its applicability to other conditions of design and traffic. Even more 
important is the need for improved measures of driver performance 
and evaluation of highway improvements. This study has compared 
stream flow characteristics, day and night, for different treatment 
conditions one against the other. 

No absolute figure of merit is available. The employment of 
driver interviews probes some of the less tangible results of highway 
changes, but is not an answer in itself. There is a real need to develop 
better measures than those used here, many of which only indirectly 
get at the needed answers. 

















Impact of Rapid ‘Transit Extensions 
On Suburban Bus Companies 
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Mr. Schneider is a Research Assistant in Transportation, and a member of 
the Doctoral Program at the Harvard University Graduate School of Business 
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A.B. in Economics, magna cum laude. After serving two years in the United 
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distinction, in 1960. In 1959, he worked part-time for the Arthur D. Little 
Co., Cambridge, Mass., on a transportation study for the New England 
Railroads. He is a member of Phi Beta Kappa. 


ECENTLY, the mass transit industry has witnessed, for the 
first time in thirty years, a sudden interest in rapid transit* as 

a means of alleviating traffic congestion, and thereby stimulating 
business activity in the central core of the city. Highway congestion 
in urban areas during peak hours has become intolerable, notwith- 
standing frantic efforts to construct expressways. As the railroads 
continue to drop their unprofitable commutation service, metropol- 
itan areas have been forced to choose either the automobile, bus, 
or rapid transit car as the prime vehicle for moving rush hour traffic. 
Recognizing rapid transit’s high carrying capacity, compared to 

the bus or automobile, Toronto, Cleveland, Boston, and Chicago 
have recently built new rapid transit lines. Other cities, such as 
San Francisco, Pittsburgh, and Los Angeles are making rapid 
transit studies. It is true that rapid transit lines are expensive to 
construct, and that their costs of operation may exceed revenues; 
however, their economic benefit to the community is enormous, for 


AUTHOR’s NOTE: The author wishes to acknowledge the interest and co- 
operation of Mr. John Walsh, President, and Mr. James Harrison, Treas- 
urer, of the Middlesex & Boston Street Railway Co. The conclusions 
developed by the author are his own, and do not necessarily represent the 
views of the officials of the company. 





1. Rapid transit may be defined as a transit system characterized by grade separated 
rights of way (surface, elevated, or subway), frequent service, and relatively low rates of 
fare. 
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they prevent arterial strangulation of the urban transportation 
system. 

One of the interesting problems arising from rapid transit con- 
struction will be its effect on comparatively small, independent bus 
companies operating in the suburbs. The problem is important, 
because these companies represent the last stronghold, in urban 
areas, of private ownership of transit facilities. 

Many of these suburban systems are in poor financial straits 
today. They operate in prosperous communities with low densities 
of population, where auto traffic for non-rush-hour trips is heav- 
iest. During the rush hour, they must compete with remaining rail 
commuter lines and private automobiles, traveling on the new 
expressways. Costs have skyrocketed, yet fares have not kept pace. 
Tenaciously, these systems have stayed profitable under private 
ownership. Frequently, intensive selling of charter and school bus 
service has provided the necessary revenue to stave off economic 
disaster. 

Unlike many of the city systems, cost control is practiced with 
determination. As a result, the economy’s dollar invested in the 
assets of a private suburban system will often generate profits, 
whereas many city systems, hampered by political and labor pres- 
sures, operate at greater and greater losses. 

This article describes and analyzes the effect of a recent rapid 
transit extension of the Metropolitan Transit Authority (MTA) on 
the lines of the Middlesex & Boston Street Railway Co. (M & B). 
The MTA is a public-operated mass transit system serving the 
greater Boston urban area. The M & B is an old established sub- 
urban bus system, which has served communities surrounding 
Boston for over fifty years. 


DESCRIPTION OF THE M & B SYSTEM 


I believe that the M & B experience is typical of what might 
be expected when rapid transit systems invade the territory of 
suburban bus lines, and as such, is useful for planners of urban 
transportation. For if these private suburban systems cannot survive 
in the face of rapid transit extensions, then provision will have to 
be made for the integration of suburban bus lines into the overall 
metropolitan transit system as feeders to new rapid transit lines. 
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In 1959, the Middlesex & Boston Street Railway Co. operated 
over 120 miles of bus routes in the suburban area of Boston. The 
system dated back to 1907 and represented the consolidation and 
motorization of many suburban street railways, which once radiated 
from the city limits of Boston. Following the Second World War, 
the pressures of competition from the private automobile forced 
the M & B to abandon a few routes, and to consolidate its opera- 
tion under two operating divisions, Waltham and Auburndale. 
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Figure 1. Lines of Middlesex and Boston Street Railway Co. 


The Waltham Division (Figure 1) generated slightly over fifty- 
three percent of the traffic and revenues. The division provided 
trunk line service from junctions with the MTA at Newton Corner, 
Watertown Square, and Harvard Square to points in Waltham, 
Concord, Lexington, Newtonville, and West Newton. In addition, 
it gave local feeder service to the two important commuter rail- 
roads; the Boston & Albany at Newtonville and Newton Corner, 
and the Boston & Maine at Waltham and Waverly. 
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The Auburndale Division served Newton, Wellesley, Natick, 
Needham, and Framingham. Its principal routes provided trunk 
line service along Washington, Beacon, and Commonwealth 
Avenues, as well as crosstown service in Newton and Natick (Figure 
2). Like the Waltham Division, a principal source of its revenues 
was derived from through-passengers transfering to the MTA or 
commuter railroads. On the Auburndale Division, the most im- 
portant transfer points were Newton Corner (MTA and Boston & 
Albany), Lake St. and Cleveland Circle (both MTA). 


COMPETITION OF THE M &B 


Although the M & B had a virtual monopoly of the bus service 
offered in its territory, it faced strong competition from several 
common carriers, as well as the ubiquitous automobile. The Boston 
& Albany operated commuter railroad service parallel to the 
M & B’s Framingham, Wellesley-Newton Corner route. Although 
service had deteriorated on the B & A during the non-peak hours, 
the line was patronized by about 6,000 daily riders. 

Until 1958, the B & A operated a lightly traveled loop line, the 
so called Highland Branch, that wandered through Brookline and 
Newton, rejoining the main line at Riverside. It was this particular 
line which was utilized by the MTA for its rapid transit extension. 
The Boston & Maine offered modern Highliner (RDC) service on 
its main line through Waltham with fairly frequent rush hour, and 
scattered off peak schedules. 

The Boston, Worcester & New York Street Railway Co. (B & 
W Lines) operated bus service from Worcester to downtown Boston 
via Framingham and Waltham. Its heaviest competition with the 
M & Boccurred in the Wellesley, Framingham, Natick area, for it 
was able to offer transportation direct to Boston along Route 9 
(the Worcester Turnpike) without necessity of a transfer. 

The MTA, though connecting with the M & B at several points, 
did not directly compete for traffic, prior to the opening of the 
Highland Branch. 

The greatest competition came from the private automobile. 
By 1957 Massachusetts had completed Route 128, a limited access, 
divided highway, which circled suburban Boston. Although this 
road did not directly affect arterial traffic into Boston, it did attract 




















IMPACT OF RAPID TRANSIT EXTENSIONS 139 


drivers to shopping centers along its route, and thus diverted traffic 
which formerly used the M & B to shop locally in Waltham and 
Newton. Many industries sprang up along 128, but the M & B 
did not share in the potential traffic. These plants made extensive 
provisions for parking, and, as a result, a recent study showed that 
in 1957 only four percent of the workers in plants on Route 128 
used mass transit to reach their place of employment.* 

Continued road building by the state had improved many of 
the arterial routes from the M & B territory into Boston. However, 
there was no true expressway east of Route 128. Therefore there 
was considerable pressure to extend the Massachusetts Turnpike 
(a toll road), or, still preferable, to construct a toll free expressway 
between Route 128 and central Boston. 


SYSTEM MERCHANDISING POLICY 


To bolster its revenues the company used almost every mer- 
chandising technique known in industry. Zone fares attempted to 
equate the fare with the distance traveled. Extensive attempts were 
made to solicit school bus and charter business. Advertising space 
was sold on the sides of the new diesel buses. The equipment was 
clean and in good condition, although the company’s conservative 
financial policy had limited new equipment purchases. Of the 153 
vehicles operating in 1957, only thirty had been purchased sub- 
sequent to 1950. 

During rush hours, flexible service was offered from almost 
every point on the system to transfer stations of the railroads and 
MTA. Headways ranged from 10-15 minutes during the rush hours 
to 30-60 minutes in slack periods. Timetables were made available 
to its riders. As new industries opened on Route 128, the company 
was quick to offer bus service on a trial basis. 


PASSENGER AND REVENUE TRENDS, 1945-1958 


Despite their progressive approach to the merchandising of mass 
transit, the M & B officials found that their traffic had tended to 
follow national trends. Figure 3 shows the M & B’s traffic from 
1945 to 1959 as compared to other transit companies. Although the 


2. MIT, Mass. DPW, and US Bureau of Roads, Economic Impact Study of Mass. Route 
128, (Boston, 1958) p. 194. 
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M & B’s performance was above the national average, one dis- 
heartening fact was clear. The population of the communities served 
by the system had increased by more than twenty percent from 
1945 to 1955, yet the M & B had suffered a decline in patronage 
of sixty percent from 1945 to 1958. 

Because of two fare increases, the revenue picture was a great 
deal brighter. By 1958, passenger revenues were only eighty-two 
percent of the base year, 1945, and total revenues were ninety 
percent of 1945. This latter figure reflected the effect of increased 
charter and school bus business. 


FINANCIAL PERFORMANCE OF THE M & B 1945-1958 


The year 1945 found the M & Benjoying the last of the wartime 
boom. The operating ratio (total operating expenses/operating 
revenues) was fifty-nine percent. Yet, within five years, the pre- 
cipitous decline in traffic, rising costs, and the failure to secure 
needed fare increases produced a system deficit. Consolidation of 
the four divisions and an economy drive knocked the operating 
ratio below 100 in 1953. By 1958, aided by the fare increases of 
1955 and 1958, the M & B had an operating ratio of about ninety- 
seven percent. Net income between 1954 and 1958 fluctuated be- 
tween $9,000 and $56,000. The latter figure represented a return 
on capitalization before taxes of ten percent. 

Thus, in 1958, as the M & B entered its second half century of 
operation, it could take pride in the fact that it was weathering the 
onslaught of the automobile. True, the age of the equipment be- 
trayed a lack of ready cash, but even more reflected the sensible 
policy of avoiding debt, debt which, throughout the nation, was 
causing severe financial strains on transit systems. On the other 
hand, its fleet was maintained with care and pride, and the manage- 
ment of the M & B displayed a genuine desire to serve the Boston 
suburban community. In contrast to its giant neighbor, the MTA, 
the M & B was writing its income statements in black, not red. 


1959: ENTER THE MTA 


Although the trends in costs and traffic made it clear that the 
Middlesex & Boston was in for some “rough sledding,” there was 
little indication that the next year would play a decisive role in the 
future of the company. 
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BUS ROUTES OF THE MIDDLESEX & BOSTON STREET RAILWAY CO. 
(AUBURNDALE DIVISION) 


Route Number* Route 

Framingham to Newton Corner via Natick, Wellesley and Washington St. 
Lower Falls to Cleveland Circle via Beacon Street 

Lower Falls to Cleveland Circle via Newton Highlands 
Lake Street to Norumbega Park via Commonwealth Avenue 
Watertown Square to Needham via Newton Highlands 
Newton Corner to Oak Hill via Newton Centre 

Newtonville to Newton Centre 

Cleveland Circle to Needham 

Natick Crosstown 

10 Lake Strect to Charlmont 


On Out wN = 


© 


* The M & B does not assign numbers to its routes. The route numbers indicated refer 
to the detailed map of the Auburndale Division compiled and drawn by the author. 
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Traffic and Revenue Trends—Waltham & Auburndale Divisions 1954—1959- 
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After 1945, the Boston & Albany Railroad saw the patronage 
on its Highland Branch commuter line drop alarmingly from 5,000 
to 1,000 daily riders. Since little industry was on the line, the B & A 
was eager to abandon it. 

In 1945 and 1947, reports published by the Commonwealth of 
Massachusetts had recommended electrification of the Highland 
Branch with a physical connection to be made with the MTA’s 
Boylston Street Subway near Kenmore Square.® 

This route would allow direct downtown service from points as 
far west as Newton Highlands and the Riverside section of Auburn- 
dale. In 1945, the rapid transit line would have cost $2,314,000 
including rolling stock. However, not until 1958 did the legislature 
authorize the MTA to construct the line. Once plans were an- 
nounced for the extension, the B & A had little difficulty obtaining 
permission from the ICC to abandon. The last trains ran May 29, 
1958. 

Following the cessation of B & A service, the M & B had a new 
source of revenue. As Figure 2 shows, the Highland Branch entered 
M & B territory at Cleveland Circle and generally paralleled bus 
route 3 (Cleveland Circle-Lower Falls). Although the M & B had 
not been too adversely affected by the Highland Branch, under 
B & A operation, it was still in a position to acquire new rush hour 
business. 

Trips were added to the Cleveland Circle routes, and for a time 
the M & B prospered. Additional passengers plus the fare increase 
of 1958 raised total revenues to a ten year high. But the cheerful 
picture was not to last for long. The Highland Branch conversion 
was accomplished in approximately twelve months, and on July 4, 
1959, it opened for business. 


THE HIGHLAND BRANCH 


The twelve year delay proved costly as the new line, without 
equipment, cost $9,200,000. But the suburbs got a bargain for their 
money. The Central Artery, Boston’s new expressway, had cost 
over $10,000,000 a mile and had a carrying capacity of about 
8,000 passengers an hour. For approximately one tenth the cost 
the suburbs had an arterial system capable of carrying 6,000 pas- 


3. See: Comm. of Mass. Report of the Metropolitan Transit Recess Commission (Boston, 
1945). Comm. of Mass. Report on Rapid Transit (Boston, 1947). 
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sengers an hour. Longer trains and closer signaling could easily 
quadruple this capacity. 

Between Kenmore Square and Cleveland Circle, the Highland 
Branch paralleled the Cleveland Circle-Lechmere trolley line of 
the MTA. But beyond Cleveland Circle the MTA entered new 
territory. Between Cleveland Circle and Riverside Terminal, the 
line had six stations, spaced about .8 mile apart. Parking lots were 
provided at most stations, ranging from Riverside’s 2,000-car to 
Eliot’s thirty-car capacity. Trolley to bus transfer facilities were 
made available at Cleveland Circle, Woodland, and Riverside. 
Newton Centre and Newton Highlands stations were on streets 
served by the M & B. 

Because of surface car line abandonments on the MTA system, 
excess PCC cars were available for the line, and new equipment did 
not have to be purchased. These cars were of modern design, capable 
of fast acceleration, and operated at speeds up to forty-two miles 
an hour. If traffic volume warranted, they could be operated mul- 
tiple unit (MU) in three-car trains. 

Surprisingly, the MTA did not put a zone fare on the line, 
notwithstanding that it was the first route of the entire system to 
reach Route 128. Base fare into the downtown subway (free transfer 
to any line on the MTA system) was twenty cents, local rides cost 
fifteen cents. However, parking rates at the lots were twenty-five 
cents, and soon after the line was opened, these charges were raised 
to thirty-five cents. By contrast, the M & B zone fare was twenty- 
five cents. On the Auburndale Division only two routes passed 
through more than one zone—Route 1 (Framingham-Newton) 
three zones, and Route 5 (Watertown-Needham) two zones. 

The total route from Riverside (Route 128) to Park St. Station 
in Boston was slightly over eleven-and-a-half miles. The timetable 
schedule for the service was thirty-five minutes. By comparison, 
the same trip via the combined M & B-MTA via Cleveland Circle 
required more than an hour. 


PATRONAGE OF THE HIGHLAND BRANCH 


The first timetable called for two car trains on ten minute head- 
ways during the rush hours, and single cars during off peak periods. 
In all, ninety-eight trips were scheduled from Riverside. I estimate 
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that such a schedule anticipated a daily patronage of 10,000 persons. 
But the parking lots, low fares, and fast service attracted an over- 
whelming number of riders. The two car trains were increased to 
three cars, and two car trains operated during the remainder of the 
day. Rush hour headway was cut to five minutes, and service was 
offered at 10-15 minute intervals during the slack periods. The 
MTA estimated that by September, 1959, 23,000 daily passengers 
were using the line. 

A more recent study of the Highland Branch was published by 
the Greater Boston Economic Study Committee in August, 1960.* 
The report presented the results of a questionnaire distributed to 
6,000 inbound riders of the line on March 16, 1960. The question- 
naire had been distributed at eight stations: Cleveland Circle, 
Chestnut Hill, Newton Centre, Newton Highlands, Eliot, Waban, 
Woodland, and Riverside. Thirty-seven percent of those receiving 
the forms mailed a response. 

Some of the findings of the report were: 

1. Thirty-five percent of the riders had formerly used their 
automobiles on the trip surveyed. 

2. This pattern released 1,300 downtown parking spaces (five 
percent of the total) for other use. 

3. Approximately 26,000 passenger trips were made daily on 
the line. 

4. Sixty-five percent of the riders used the Highland Branch 
during the peak hours. The rush hour rider tended to consistently 
use the line, whereas the off peak rider tended to make infrequent 
use of the service. 

The study also indicated that the typical rider was in the higher 
income brackets ($10,000 or more), owned one car (thirty-one 
percent owned two), and was a professional man. In short, the line 
was highly successful in attracting riders who might ordinarily be 
expected to shun mass transit. 


EFFECT OF THE HIGHLAND BRANCH 


As noted, the Highland Branch paralleled the Cleveland Circle- 
Lower Falls (Routes 2 and 3) lines of the Auburndale Division. Thus, 


4. Greater Boston Economic Study Committee, A Survey of Commuters on the Highland 
Branch, Economic Base Report 7 (Boston, 1960). 
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it was expected that some traffic would be diverted. The forecasts 
proved to be overly optimistic. Figure 4 plots the results of spot 
farebox checks on Routes 2 and 3 before and after the Highland 
Branch opened. During the three days before July 4, during the 
slack July season, the routes were comfortably covering full costs. 
The day after the MTA opened, the lines failed to cover direct 
costs. Not until September did their revenues exceed direct costs, 
but at that time full costs were not being covered. ‘The Common- 
wealth Avenue route also showed a marked decline in revenues. 
Oak Hill, never a strong route, generally failed to cover its full 
costs. However, the Needham and Framingham lines continued 
to generate revenues above their fully allocated costs of operation. 

These results could have been anticipated, for the Cleveland 
Circle-Lower Falls and Commonwealth routes were the only lines of 
the Auburndale Division directly paralleled by the Highland Branch. 

The management of the M & B had hoped that the loss of 
through-trunk-line business would be replaced by feeder patronage 
to MTA stations. On the Framingham route, for example, the 
middle fare zone was extended from Lower Falls to the Woodland 
MTA station. Thus a rider from as far as Natick could reach Wood- 
land for twenty-five cents. However, this feeder traffic did not 
measure up to the M & B’s expectations. 

The spot farebox checks reflect only the first three months of 
MTA operation.® A further indication that the Auburndale Division 
was hard hit by the Highland Branch can be found by comparing 
its performance with the Waltham Division. Figure 5 shows the 
trends of revenue and traffic of the two divisions from 1954 to 1959. 
Six month aggregate totals, adjusted for seasonal variation, have 
been indexed and plotted. 

The analysis shows sudden increases in revenues on both divi- 
sions in 1955 and 1958 because of fare increases. However, during 
the six month period following the inauguration of the Highland 
Branch, the Auburndale Division’s revenues fell, whereas the 
Waltham Division’s revenues increased. In addition, traffic on the 
Waltham division rose slightly, on a seasonal adjusted basis, but 
traffic on the Auburndale Division declined. 


5. Because of the necessity to cut costs the M & B has been unable to undertake 
more recent analyses of traffic on its routes. 
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The quantitative evidence supplied by the M & B suggests two 
major conclusions: 

1. The Auburndale Division, being directly in the line of the 
Highland Branch, suffered severe diversions of traffic and revenue. 
Consequently its share of the total system traffic and revenue de- 
clined sharply. 

2. The M & B’s trunk lines paralleling the MTA suffered more 
than the feeder lines. The Lower Falls-Cleveland Circle route, in 
terms of revenue per bus mile, had been the best route of the 
Auburndale Division. Following the advent of competition from 
the Highland Branch, it became the poorest. 

3. There was an insufficient increase in feeder business to offset 
the loss of through-trunk-line passengers. 

The Greater Boston Economic Study also presented data 
specifically pertaining to the M & B. Seven percent of the respond- 
ents said that they had formerly used the M & B before the open- 
ing of the Highland Branch. I estimate that this seven percent 
accounted for at least 840 passenger trips daily. However, ten 
percent of the present patrons of the Branch stated that they reach 
the MTA by bus. It was further determined that four percent of 
the riders, included in the aforementioned ten percent, used the 
MTA feeder bus lines at Cleveland Circle. Thus, six percent of the 
riders of the Highland Branch (west of Cleveland Circle) used the 
M & B to reach the MTA. More significantly, the patrons now 
using the M & B tend to ride through a one fare zone, whereas 
before, the M & B commuters frequently rode through two fare 
zones. 

Thus, the Greater Boston study suggests two conclusions as to 
the impact of the Highland Branch on the M & B. 

1. There has been an absolute decrease in passengers. At the 
minimum, the diversion would be one percent of the riders west of 
Cleveland Circle or 120 passenger trips a day. 

2. It is reasonable to assume that the great majority of the 
patrons of the Highland Branch, now using the M & B to reach 
the line, ride through only one fare zone, and that a substantial 
proportion of the seven percent diverted from the M & B had paid 
two zone fares. Revenue loss from these patterns of riding approx- 
imate $240 a day. 
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Both of these conclusions are subject to sampling errors, but 
tend to support the quantitative data available from the M & B. 

As the farebox checks revealed the grim picture on the Auburn- 
dale Division, the management moved into action. When a transit 
company is faced with declining traffic and revenues, it can do 
three things: cut service, raise fares, or increase service to stimulate 
traffic. 

The M & Bhad secured its latest fare increase only a year before, 
and a further increase was not justified. 

Two new routes feeding into the MTA terminal at Riverside 
were inaugurated. Unfortunately, neither of these routes has 
developed significant traffic. Service was increased on the Needham- 
Watertown crosstown feeder route, but again, traffic failed to 
materialize and the extra trips on that line were dropped. 

Further extensive service cuts were made to reduce bus miles 
and expenses. The Cleveland Circle lines lost thirty daily round trips 
and service via Newton Highlands was almost abandoned. Sched- 
ules on the rest of the Auburndale lines were slashed, particularly 
during the evening and weekend. (Table I.) 


TABLE I—MIDDLESEX & BOSTON STREET RAILWAY CO. 
INCOME STATEMENTS— 1958, 1959 





Account 
































1958 1959 

Passenger Revenue $1,599,761 .00 $1,577,;014.00 
Other Revenue 282,997.00 293,483.00 
Gross Revenue 1,882,758.00 1,870,497.00 
Operating Expenses 1,550,844.00 1,590,975-00 
Depreciation and Taxes 275,053.00 233,156.00 
Total Operating Expenses 1,825,897.00 1,824,131.00 
Net Earnings 56,861.00 46,366.00 
Other Income 26,879.00 32,017.00 
Gross Income 83,740.00 78,383.00 
Other Deductions 1,200.00 8,786.00 
Taxable Income 82,540.00 69,597.00 
Federal Income Tax 40,152.00 49,960.00 
Net Profit 42,388.00 19,637.00 
Operating Ratio 97% 97-5% 


Source: Moodys. 
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Finally, financial pressure became so great that in June 1960, 
the Auburndale Division was closed and all bus routes began 
operating out of the Waltham barns. Though this policy increased 
non-revenue bus miles, the need for economies necessitated this final 
act of retrenchment. 


THE FINANCIAL IMPACT OF THE HIGHLAND BRANCH® 


During 1959, the sharp downturn of business on the Auburndale 
Division offset the increasing activity of the Waltham Division. 
Notwithstanding the decline of 125,000 bus miles during 1959 
(four percent), operating expenses increased three percent. It 
should not be inferred that the failure of expenses to decline in 
proportion to bus miles indicated poor cost control. On the one 
hand, expenses such as superintendence and maintenance were 
relatively fixed. In addition, the steady increase in labor and 
material costs would have produced a higher level of expenses, had 
not close control been maintained. The rising expenses together 
with a decline in gross revenues reduced 1958’s net income of 
$42,000 to $20,000 in 1959. In terms of generated cash flows (net 
income plus depreciation), the system’s total in 1959 of $126,000 
was $62,000 less than in 1958. 

Therefore we may conclude that a combination of continually 
rising expenses, in particular wages, plus the existence of fixed and 
semi-variable costs, is putting a cost-revenue pressure on the M & B. 
Considering such a trend in costs, it seems that the declining bus 
miles and revenues, in large part caused by the MTA competition 
on the Auburndale Division, are leading the M & B toward a 
financial crisis. 

It is clear that the once strong Auburndale Division was unable 
to directly compete with the publicly subsidized MTA. If rapid 
transit extensions or expressways were extended into the Waltham 
Division’s territory, it seems reasonable to forecast that the M & B 
would either be absorbed into the MTA, or would continue to 
exist on a smaller scale as a private company offering charter and 
school bus service. 

It is conceivable, if the new expressway is opened from Route 


6. Unfortunately, financial data for 1960 were not available at the time of the writing 
of this paper. The full effect of the Highland Branch plus the closing of the Auburndale 
Division will be seen in the 1960 data. 
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128 to Boston, that the M & B could secure rights and, for the first 
time in its history, offer service direct to Boston. However, the 
question still is whether it could economically offer such service 
when confronted with the low fare of the Highland Branch. Besides, 
public policy may not permit private bus competition over express- 
ways, especially if the public transit system is operating at a deficit.” 

What are the conclusions with respect to the future of these 
independent suburban bus companies? At the outset, we must be 
continually aware of the overall unfavorable trends affecting public 
transportation. The federal and state highway building programs 
will continue to divert business to the private automobile. As na- 
tional income continues to rise, two car families will become more 
prevalent, and riders will desert public transit. Finally, the con- 
tinuing dispersal of population and business activity in our cities 
will obviate the need for trips to the city center. 

Only modern rapid transit offers features which can lure the 
populace out of their cars and back to the city center. And only 
public transit authorities can raise the capital to construct these 
rapid transit facilities. These rapid transit extensions will drain off 
the profitable trunk line bus traffic operating parallel to the new 
lines, and the suburban companies will be left with low density 
feeder traffic, which will likely be unprofitable. 

Thus, if our cities are to be saved, there must be more Highland 
Branches, and, unfortunately, economic dislocations such as befell 
the Middlesex & Boston Street Railway Co. The planner must be 
prepared to deal with this problem when laying out new rapid 
transit lines. Public transit authorities must be established to raise 
capital with which to not only construct the rapid transit routes, 
but also to purchase these suburban systems and integrate their 
routes as feeders to the rapid transit lines. 

It is to be hoped that the factors which characterize some sub- 
urban systems—extreme cost-consciousness, freedom from political 
interference, and optimum labor and community relationships— 
will ultimately exist on systems operated by state and municipal 
transit authorities. For I believe that such public authorities will in 
the next decade be operating all major urban transit systems. 


7. Both the Chicago Transit Authority and Boston’s MTA have recently successfully 
prevented competing suburban bus operation on expressways to the city center. 
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Data Accuracy in Route Location 


MARVIN L. MANHEIM 


Mr. Manheim is working on an analysis of the process of highway intersec- 
tion design. On this project, he is working at the Photogrammetry Laboratory 
of the Department of Civil Engineering of M.JI.T. with Christopher 
Alexander, architect and mathematician, using mathematical techniques 
developed by Mr. Alexander. Mr. Manheim is also participating in a study 
of the interrelationship of transportation and land-use planning. In this 
project, Mr. Manheim is co-operating with Professor William W. Nash of 
Harvard and Professor Roland B. Greeley of M.I.T. Mr. Manheim was 
previously on the staff of the Socio-Economic Impact Study that investigated 
the effects of elements of the proposed expressway system on the Boston region. 
The following article is based upon research sponsored by the Joint Center 
Sor Urban Studies of M.I.T. and Harvard University under the guidance 
of Professor A. S. Lang of M.I.T. 


HEN the average layman sees a road under construction, he 
notices how many men and how much equipment are in- 
volved. When he thinks about the time between initial earth-moving 
operations and final ribbon-snipping ceremonies, he may assume 
that most money for highways goes into these phases of visible con- 
struction. What he does not realize is that the planning of a highway 
can be as complex and extensive a process as its actual construction. 
In this planning phase, one of the most critical requirements is 
the collection of large quantities of data. Consider, for example, the 
emphasis on data collection and analysis in large metropolitan area 
transportation studies. Traffic volumes, land-uses, construction cost 
estimates are a few of many types of data needed. These data, expen- 
sive to collect, are necessary, for they provide the basis for planning 
decisions. 

Data collection has only one purpose: to provide information to 
be used in making decisions. If the decision is whether or not to build 
a specific expressway, it may make no difference whether the traffic 
volume on a particular street has an average value of 3500 vehicles 
per hour, or 4000. Ifan expressway would be built in either case, the 
actual value of the particular item of data, “‘traffic volume on X 
Street,”’ has no influence on the decision. Therefore, any expendi- 
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ture to decide which number is more “correct” is an unnecessary 
cost. 

This discussion will illustrate that the values of data do affect the 
final decisions, and that analysis of this influence can be used to 
reduce the expenditure for data collection. To some, the points 
made in this analysis may seem trivial, or perhaps even annoyingly 
obvious. Current highway engineering practice suffers, however, 
from the lack of attention paid to some of these details. 


THE ALIGNMENT SELECTION PROCESS 


Although the specific example discussed here is the problem of 
highway alignment selection, these principles are generally valid 
and can be useful in any decision-making situation. 

I. Consider ail alternative courses of action—what are all the 
possible alignments ? 
II. Determine how the desirability of each course of action is 
to be measured—which alignment is “‘better’”’ than any other? 

III. Analyze the relationship between values of data and the 
decisions which result from those values—will the number which 
is used for traffic volume make any difference in deciding which 
alignment is best ? (‘The analysis can be divided into three successive 
levels: 

A. Single-variable analysis 
B. Multi-variable analysis 
C. Personal probability.) 

IV. Make a decision. 

The procedures required for each of these steps are developed 
through application to an example. Throughout the text, these pro- 
cedures are indicated by numbered statements in parentheses. They 
are also listed together in the suMMARY section. 


THE SELECTION OF A HIGHWAY ALIGNMENT 


No matter how many land use plans are proposed, no matter 
how many transportation plans are tested, sooner or later there 
comes a point in the process of designing the transportation system 
when decisions must be made. This discussion will be concerned 
with that point in the process where the transportation engineer 
must make a decision between the several alternate alignments for 
a particular route. 
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Having developed a finite (and small) number of possible loca- 
tions for the route, the engineer’s task is to rank these alternatives in 
order of preference. Utilizing all the abilities—rational and intui- 
tive—that he as a professional can muster, he must make a decision 
among the courses of action represented by the several alignments. 


I. CONSIDER ALL ALTERNATIVE COURSES OF ACTION 


In the process of developing possible alternative alignments for 
the route, the engineer will have made certain preliminary judg- 
ments. Such judgments will generally be based upon his experience, 
as it is manifested in rough evaluation of the cost and traffic char- 
acteristics of each alignment possibility. 

To these conclusions will be added (under ideal conditions) the 
professional judgments of urban and regional planners who have 
evaluated the social and other environmental impacts of the several 
locations. By the time that it is necessary to make a final decision, 
these evaluations by planners and engineers will have eliminated a 
large proportion of the possible alignments. Generally, the number 
remaining will be small. These remaining alignments represent the 
alternative courses of action. 


II. DESIRABILITY OF EACH COURSE OF ACTION 


To make a decision in any problem, it is first necessary to formu- 
late some notion as to the “worth” or “‘desirability” of each alter- 
native course of action. To make a decision among several alternate 
alignments, it is necessary to consider such specific components of 
“‘worth” as construction costs, maintenance costs, the costs of debt 
service, vehicle operating costs, and so forth. In the interest of resolv- 
ing such decisions rationally, it is desirable to define a single nu- 
merical measure by which the alternatives may be ranked. 

When such a measure has been formulated as a parameter for 
which numerical values can be computed, operations research lit- 
erature would term it a “measure of effectiveness.” In the highway 
field, there are currently three such measures, each with its own 
characteristics: the benefit-cost ratio, the rate of return, and the 
annual cost. 

Each of these measures of effectiveness is used in current practice 
to make decisions between alternate highway alignments. When, 
for example, a benefit-cost ratio is computed for an alignment, it 
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represents a summary of all the quantitative information about this 
alignment which is available to the decision-maker. (II-1. Enu- 
merate the Possible Measures of Value.) 

Each of these measures of effectiveness is used differently. When 
comparing alignments on the basis of annual cost, the implied rule 
is: “that alignment is best which has the least annual cost.’” When 
using the rate of return, the alignments must first be ranked in order 
of increasing first cost. That alignment is “best”? which (a) has an 
absolute rate of return, i.e. relative to the existing condition, at least 
as great as the minimum acceptable rate of return, and (b) has an 
incremental rate of return over the alignment next lower in first 
cost at least as great as the minimum acceptable rate of return. 

The benefit-cost ratio can be used in both ways; the more usual 
convention selects that alignment as “‘best”’ which (a) has a benefit- 
cost ratio greater than unity, and (b) has the greatest benefit-cost 
ratio over the existing condition. Used similarly to the rate of return, 
that alignment is “best’’ which (a) has a benefit-cost ratio over exist- 
ing conditions greater than unity, and (b) is the alignment of highest 
first cost which has a benefit-cost ratio greater than unity over the 
alignment of next lower first cost. 

This “‘rate of return” interpretation is the one used here. The 
actual operation of these rules is illustrated below. (II-2. Specify 
How Each Measure is to be Used.) 

These rules indicate how each of the measures is to be used, but 
only for quantitative evaluations of the alternatives. Since each meas- 
ure subsumes only quantifiable elements of “worth,” each measure 
should be used carefully. Preferably, each should be used in con- 
junction with some rational or intuitive scheme for evaluation of 
the qualitative (non-quantifiable or intangible) elements, but the 
nature of such a scheme is beyond the scope of this discussion. 

Each measure is a composite of components of worth such as 
those cited above, but the components which are included in the 
definition of any measure can vary. Even when all these measures 
are defined to include the same elements of worth, each will place 
different emphasis upon any particular element, depending upon 
the way in which the elements are combined. 

Since many different forms of these measures are found in the 
literature, the list of cost components used here (see Figure 1) and 
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the particular definition of each measure in terms of these elements 
are somewhat arbitrary. The list and the definitions should not be 
considered as authoritative or necessarily complete; they, as well as 
the measures, are chosen only for clarity in illustrating the principles 
proposed. 


Figure 1—COMPONENT ELEMENTS OF THE MEASURES 


cc =total construction cost ($) 

i =interest rate 

n =service life (years) 

vol existing traffic volume (vehicles/year) 

tc =user time costs (unit value) ($/hour/vehicle) 

doc -=user direct operating costs (unit value) ($/mile/vehicle) 
mph =average speed (miles/hour) 

mi -=length of alignment (miles) 

mc =maintenance costs (unit value) ($/mile/year) 

av =annual increase in traffic volume (average) 


CRF =capital recovery factor 

ACC =annual cost of construction ($) 

TV =predicted total traffic over life of facility (vehicles) 
TT  =travel time over facility (hours) 

UTC =total user time costs ($/vehicle) 

UOC =total user operating costs ($/vehicle) 

TUC =totai user costs ($/vehicle) 

AUC =annual user costs ($/year) 

AMC <=annual maintenance costs ($/year) 

EAT =equivalent annual traffic (vehicles/year) 


AC“ —_=annual cost (total) of Line K 
BCR“ =benefit-cost ratio of Line K relative to Line O 
RR“°©)  -=rate of return (approximate) of Line K relative to Line O 


Note that the elements in Figure 1 are not mutually exclusive: 
many items in the list are composites of several other items. This is 
brought out in Figures 2, 3, and 4, where it is shown how the verbal 
definitions of each of the three measures imply an algebraic expres- 
sion. (The notation used is defined in Figure 1.) 

Proceeding in this fashion from the verbal statement of each 
measure, the form of the algebraic expression for the measure is 
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expanded until all the elements in the expression are quantities 
which are directly measurable (even if in practice it is necessary to 
estimate their actual numerical values). Such quantities are what is 
usually termed “data.” 

When the expression for the measure of value is reduced in this 
fashion to an explicit function of data and data only, it becomes a 
simple statement of the computations necessary to evaluate the de- 
sirability, or “worth,” of each course of action (where worth is 
defined by the measure). (II-3. Define the Measures in terms of 
the Data from which Values of the Measures could be Computed.) 


FicgurE 2—RELATIONSHIP BETWEEN VERBAL 
AND SYMBOLIC DEFINITIONS OF ANNUAL COST 


1. The annual cost of Line K=annual maintenance cost+ annual user costs 
+annual cost of construction. 


AC™ =AMC+AUC+ACC 


2. Annual maintenance costs=(length of road) x (maintenance cost/mile 


/year) AMC=(mi) x (mc) 


3. (a) Annual user costs=(total user costs in $/vehicle) x (equivalent an- 
nual volume) 


AUC=(TUC) x (EAT) 
(b) Total user costs=user time costs+user operating costs 
TUC=UTC+U0C 
(c) User time costs= (travel time) x (unit value of travel time in $/hour) 
UTC=(TT) x (tc) 
(d) Travel time= (distance) + (speed) 
TT=mi+mph 
therefore, UTC= (mi) (te) 
mph 


(e) User operating costs=(direct operating costs in $/vehicle—mile) x 
(distance) 
UOC= (doc) x (mi) 


therefore, TUC-UTC+UOC- ee + (mi) x (doc) = 


(mi) x (ar +doc ) 
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(f) Equivalent annual traffic=existing volume+average annual in- 
‘ annual traffic increase 
crease in traffic+——, —-—— 
interest rate 


(service life) x (annual traffic increase) (capital recovery factor — 
. — x. 
interest rate interest rate) 


EAT=vol+av+2¥ — (®) : (@v) (CRF — i) 
i 
(This formula is that given in Hewes and Oglesby, Highway Engineer- 
ing, 1954, p- 66.) 


(g) Therefore, AUC=(EAT) x (mi) x ( “apt 9°) 


4. (a) Annual cost of construction=(total construction cost) x (capital 
recovery factor) 


ACC=(cc) x (CRF) 
(b) Capital recovery factor=(function of interest rate and service life) 
__ i (1+i)" 
ae (1+i)" —1] 
5. Therefore, 


AG = (mi) x (me) + (mi) x (BAT) x (55 +doc) + (cc) x (CRF), 


mph 
where EAT is given in 3 (f) above, and CRF is given in 4 (b) above. 


FicurRE 3—RELATIONSHIP BETWEEN VERBAL AND 
SYMBOLIC DEFINITIONS OF THE BENEFIT-COST RATIO 


1. The benefit-cost ratio of Line K relative to Line O= 
Difference in benefits _ 
Difference in costs — 
(Annual user costs, Line O)—(Annual user costs, Line K) 
(Annual construction cost, Line K)—(Annual construction cost, 


Line O)+(Annual maintenance costs, Line K)—(Annual main- 
tenance costs, Line O) 


_AUC’—AUC* 
ACC*—ACC?+AMC*—AMC? 


2. From Fig. 2., Statement 2: AMC*=(mi)*x (mc) * 
3. From Fig. 2., Statement 3: AUC*=(TUC)*x (EAT) *= 


x (mit) x ( 
(EAT) (mit) x (= + doc 








BCR) 
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4. From Fig. 2., Statement 4: ACC*=(cc*) x (CRF) 
5. Therefore, 


i° —_ . tc 
sne~s . (EAT) x (mi?) x (rapa *40°) ~(EAT) x (mi*) x (ann * 40°) 
(ec) x (CRF) —(cc®) x (CRF) + (mi*) x (me)—(mi*) x (me) 


tc ili ale 
Bsc (agat**) 0 tee 


(CRF) x (cck—cc°)—(mc) x (mi°—mi*) 




















h 
BCR (‘«-9) = P 
(cc*—cc°) J _ 
(CRF) x75 = | (mc) 


where: EAT =vol+av+ 50S) (CRF-i) 
and 
CRF =[i(1+i)"]+[(1+i)"—1] 


FicgurE 4—RELATIONSHIP BETWEEN VERBAL AND SYMBOLIC 
DEFINITIONS OF THE APPROXIMATE RATE OF RETURN 


1. The approximate rate of return for Line K, relative to Line O= 


[ (Annual user costs, Line K)—(User cost, Line O) + (Annual main- 
tenance costs for Line K)—(Maintenance costs, Line O) ] 





[First (construction) cost of Line K—First cost, Line O] 


RRK-o- AUC-AUC?+AMC—AMC? 
Pi cc*—cc 


2. From Figure 2, Statement 2: AMC*=(mi*) x (mc) * 


°o 


3. From Figure 2, Statement 3: 
AUCK= (TUCS) x (EAT) *=(EAT) x (mi*) x (= +doc 








therefore, -_— 
RR [ (ean) : (sont doe) x (mi°—mit) |+{ (me) x (mi?—mit) | 
cc*—cc° 
where EAT=vol+av+2¥.—"(¥) x (CRF-i) 





: i 
4. The rate of return represents a capital recovery factor, based upon a 


service life (n) and an interest rate (i) ; to compute the equivalent annual 
traffic, (i) must be known. 


*All items of data, except for construction cost (cc) and length (mi) are the 
same for each alignment in the example discussed. Therefore, only (cc) and 
(mi) need to be identified for each alignment. 








en 
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Turning now to a specific example, Figure 5 indicates the data 
for a hypothetical alignment problem. Analysis on the basis of pro- 
fessional judgment, as outlined above, has eliminated all possible 
alignments but two, indicated as Line A and Line B. Line O is the 
“null” alignment, the alternative action, “make no highway im- 
provements at all.” 


FicuRE 5—EXAMPLE: VALUES OF DATA 


Line A Line B Line O 
cc =total construction cost =$500,000 $3,500,000 $o 
i =interest rate = 6 percent 
n =service life = 40 years 
vol =existing traffic volume = 300,000 vehicles/yr 
tc =user time costs = $1.35/vehicle-hour 
doc =direct operating costs = $0.05 /vehicle-mile 
mph =average speed = 50 mph 
mi =length of alignment =12 miles 8 miles 15 miles 
mc =maintenance costs = $1000/mile/year 


av =annual traffic increase 


15,000 vehicles/yr/yr 


III. VALUES OF DATA AND RESULTING DECISIONS 


In the process of reducing the number of possible alignments, a 
certain amount of information has been accumulated. For instance, 
the lengths (mi), construction cost (ac) and per-mile maintenance 
costs (mc) for each line have been estimated fairly closely. Items 
such as interest rate (i), service life (n), and average speed (mph) 
are determined by standard design policy, as is the value to be used 
for vehicle operating costs (doc). The existing traffic volume (vol) 
is a matter of record. The only items of data whose values are not 
known with certainty (in this hypothetical situation, at least) are 
the average annual increase in traffic volume (av) and the unit 
value of user time costs (tc). Whereas values for all other items of 
data can be assumed as given precisely, the values of these two items 
are uncertain. 

To determine the “worth”’ of each of the alignments, it is neces- 
sary to have values for each of these items of data. The value of one 
hour of a driver’s time—unit time cost (tc) —is difficult to measure, 
but a survey could be conducted throughout a region to determine 
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how much individuals and businesses were willing to pay to save an 
hour’s driving time. 

The results would be questionable at best, however. At the same 
time, the annual increase in volume (av) over the 40-year life of the 
facility is not even theoretically measurable, for only the passage of 
time can reveal the value of this quantity. 

Therefore, the values of both av and tc must be estimated using 
the knowledge and judgment of professional experience. In this 
hypothetical situation, the values of tc = $1.35 per vehicle-hour and 
av = 15,000 vehicles per year represent such professional judgment. 
Whereas all other quantities will be known with certainty, the best 
values of av and tc will be no more than educated guesses. (III-1. 
Estimate Values of the Data; III-2. Indicate those Items of Data 
which could have Values significantly different from the Estimated 
Values.) 


FicurE 6—EXAMPLE: COMPUTATION OF ANNUAL COSTS 


1. From Fig. 2: AC=(mi) x (mc) + (EAT) x (mi) x (doc+—“- ) 
Pp 
+ (cc) x (CRF) 
a iti)” i<6% n= 
2. soon (25) =r) 0.06646, for i=6%, n=40 
3. EAT=vol+av+2¥—(2¥) (CRF-i)- 
15,000 40x 15,000 


00,000 + 15,000+ 
309; - .06 .06 





(0.0664—0.06) 


Therefore, EAT =500,000 


tc 
mph 
AC“ = $1000 x mi™ + 500,000 x mi™ x $0.077+cc™ x CRF 
= ($1000+ 38,500) mi +CRF x cc™ 
= $39,500 mi“ +0.06646 cc“ 
AC(A) = 39,500 x 12 + 0.06646 x 500,000= $507,000 
AC(8) = 39,500 x 8+ 0.06646 x 3,500,000= $548,000 
AC(©)=39,500 x 15 +0.06646 x 0= $593,000 





4. doc+ ~$0.05+77-35--$0.077 


5. Summary: AC(A)= $507,000 
AC(8) = $548,000 
AC(©) = $593,000 

(For av=15,000, tc= $1.35) 
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With values of all items of data now known, by definition, anal- 
ysis, or estimation, it is possible to compute the values of the meas- 
ures of effectiveness which correspond to each alignment, i.e. the 
“worth” of each alignment as defined by the particular measures. 
Figure 6 indicates how the computations of annual cost follow 
directly from the symbolic definitions of the measure. The details 
of the calculations of benefit-cost ratio and rate of return are omitted, 
but the results are summarized in Figure 7. 


FicurE 7—EXAMPLE: SUMMARY OF RESULTS 


Measure of effectiveness: 


Annual cost Benefit-cost ratio Rate of return 
AC BCR RR 
Line A $507,000 3.8 relative to LineO 18% relative to Line O 
Line B $548,000 1.2 relativetoLineO 7% relative to Line O 


0.8 relative to Line A 5% relative to Line A 
Line O $594,000 a= — 


“Best” Line B (if the minimum at- 
alignment Line A Line A tractive rate of return is 5 
percent or less) 


The selection of an alignment is the decision which results from 
this analysis. As indicated in Figure 7, if annual cost is the measure 
of effectiveness, then the line of least annual cost, Line A, is “‘best,”’ 
and Line B is next. This can be written as ADB>O: “Line A is pre- 
ferred to Line B; and Line B is preferred to Line O.” Using the 
maximum absolute benefit-cost ratio, Line A is best, followed by 
Line B; again A>B>O. 

On an incremental basis, the order of preference remains the 
same, since the benefit-cost ratio of Line B over Line A is less than 
unity (0.8). If it is assumed that the minimum attractive rate of 
return is five percent or less, then Line A is preferred over Line O, 
and Line B is preferred over Line O and Line A: B>A>O. The 
decision made (choice of alignment) will depend upon which meas- 
ure of effectiveness is chosen. 

Obviously, the decision made also depends upon the values of 
data used. Since each measure places different emphasis upon any 
particular element of “‘worth,” this dependence varies among the 








164 TRAFFIC QUARTERLY 


measures. Analysis of this dependence can be used to reduce the 
cost of data collection. 

The process of analysis proposed here is divided into three stages: 
A. Single-variable analysis, B. Multi-variable analysis, and C. Per- 
sonal probability. Each stage includes the one preceding it, but is 
more sophisticated. The analysis of any problem might include the 
first, the first two, or all three stages. 

A. Single-variable analysis: The simplest way to estimate the ef- 
fects which a variation in the value of any single item of data will 
have upon the resultant decisions is to compute each measure for 
the several different possible values of the data in question. In this 
example, values of annual cost, or benefit-cost ratio, or rate of return 
would be computed for several different values of annual increase 
in volume (av) or unit time costs (tc). 

“Single variable analysis” means here that, no matter how many 
items of data are considered likely to have error, all items except 
the one under analysis are assumed to remain constant at their 
estimated values. In this example, av is held fixed at the estimated 
value of 15,000 while tc is varied, and tc is held fixed at the estimated 
value of $1.35 while av is varied. 

The results of such computations could be reported in tabular 
form as has been done for this example (Figure 8), but graphical 
presentation (Figures 9 and 10).is much more illuminating. Since 
the AC and BCR measures are linear functions of the variables 
under investigation (av and tc), these plot as straight lines. There 
is, of course, a single line for each alignment. 

These graphs indicate the dependence of decisions on data. 
Referring to Figure 9 (a), “Variation of annual cost as a function 
of av, for tc = $1.35,” it is seen that, for av =12,000 (and tc = $1.35, 
of course), the annual cost of Line A is less than that of Line B, 
which is in turn less than that of Line O. Therefore, A>B>O, for 
av =12,000 and tc = $1.35. Actually, the ordering of the alignments 
stays the same for all values of av between about 9,000 and about 
23,000 (for tc = $1.35). 

At av =9,000 and 23,000, two of the lines intersect; these inter- 
section points represent values of av and tc for which neither of the 
two alignments represented by the intersecting lines is preferred to 
the other, since they both have equal annual costs. Just to the left 
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of the intersection, the annual cost of one line is less than the other, 
so that a definite preference ordering arises. Just to the right of the 
intersection, the annual costs are again different but the order of 
preference is reversed. 

The intersection of AC“) and AC®) in Figure 9(a) occurs at 
(av =23,000, tc = $1.35). To the left of this point, AC) is less than 
AC®), while to the right the order is reversed. For all values of av 
less than 23,000, the annual cost of Line A is less than that of Line 
B; for all values of av greater than 23,000, the annual cost of Line A 
is greater than that of Line B. 





ANNUAL 
COST OF 
LINE K, AC® 
“ AC 
AC“ 
AC® 
$500,000 + 


| 
' 
! 
! 
! 
| 
' 
! 
' 
! 
' 
‘ 
' 
' 


i 
$250,0004 
! 
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lies 
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9,000 23,000 
AVERAGE ANNUAL INCREASE IN TRAFFIC, av 


Figure g(a). Variation of Annual Cost as a Function of av (tc = $1.35). 
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Figure 9(b). Results of Figure 9(a)—Decision Ranges. 
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Insofar as the final decision is concerned, the absolute magni- 
tudes of the annual costs do not matter, in general. Between av =9,000 
and av =23,000 (Figure 9g [a]), the actual values of the respective 
annual costs can be considered irrelevant, since the decision remains 
the same—Line A is preferred to Line O. Figure 9 (a) could be 
summarized by Figure 9 (b), which simply indicates the ranges of 
av for which decisions remain the same. 


BCR 


A 


5.07 


BCR*° 








t—— B>)A>O —> 
I 








| 
ASO)B-—+——_——— ABO —_—___———» 
; | BCR2O 
' \ B-A 
,) —_ : gO ees: cee neal : -—— BCR** 
T t T ' 1 
0 9,000 15,000 24,000 


Figure 10. Variation of Benefit-Cost Ratio as a Function of av (tc = $1.35). 


In Figure 10, “‘Variation in benefit-cost ratio as a function of 
av,” asimilar analysis is performed. However, the detailed applica- 
tion differs, due to the rule for using the benefit-cost ratio (discussed 
in Section II). As used here in a fashion similar to the rate of return, 
that alignment is “‘best”” which (a) has a benefit-cost ratio over 
existing conditions greater than unity, and (b) is the alignment of 
highest first cost which has a benefit-cost ratio over the alignment 
of next lower first cost of greater than unity. 

Line B has the highest first cost, Line O has the lowest, and Line 
A lies between them. For Line B or Line A to be “‘best,”’ the cor- 
responding benefit-cost ratio relative to Line O (the existing condi- 
tion) must be greater than 1.0. For Line B to be “best,” this condi- 
tion must be satisfied and the benefit-cost ratio of Line B relative to 
Line A must also be greater than unity. This is demonstrated in 
Figure 10. 
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In this figure, the significant points are not so much the inter- 
section of the lines with each other, as their intersection with the 
line representing a benefit-cost ratio of unity. This occurs at av= 
9,000 and av = 24,000, approximately the same values as for annual 
cost. (It can be demonstrated that, in fact, these values must be 
identical for both annual cost and the benefit-cost ratio as used 
here.) To the left of av=9,000, Line A is clearly “best,” since it is 
the only alignment with BCR greater than unity; since Line B’s 
BCR is less than unity, existing conditions are “‘better” than the 
investment of B’s first cost, and the preference ordering is ADODB. 

For av between 9,000 and 24,000, both A and B have BCRs 
greater than 1.0. However, the BCR of Line B relative to Line A 
is /ess than 1.0, indicating that the increase in investment for Line B 
over Line A is not justified. Therefore, A>B>O. For values of av 
greater than 24,000, the value of the BCR of Line B relative to 
Line A is greater than 1.0, the increased investment is justified, 
and so, B>A>O. 

How can the results of this single-variable analysis be use “? 
Analysis of both the BCR and AC plots, as a function of av, for 
tc = $1.35, indicated that it zs not necessary to know the precise value of av. 
The only information about av which is needed to determine the 
“best” alignment is whether: 

(a) av is between o and 9,000, vehicles per year, 

(b) av is between 9,000 and 24,000, or 

(c) av is greater than 24,000. 

The expenditure of time and money which is necessary to estimate 
which of these conditions apply is certainly much less than that 
necessary to estimate a precise value for av. Jn general, any effort to 
obtain more information about av than this is wasted. 

B. Multi-variable analysis: The above analysis is labelled single- 
variable, because it traces the effect of a data error for only one 
variable at a time. While the results of such an analysis are quite 
useful, it involves a serious oversimplification. Will those values of 
av which mark a change in the decision be the same if tc does not 
equal $1.35? Will these values remain at 9,000 and 24,000 even if 
tc equals $3.00? Answering this question requires a more rigorous 
procedure. 

The label “‘multi-variable” will be used here to describe an 
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analysis which considers variation in the values of several items of 
data simultaneously. Ideally, all items of data whose values are not 
known precisely should be included. This means almost all items of 
data. 

Construction cost estimates, for instance, are subject not only to 
contingencies, but also to the general upward trend of prices. Since 
this cannot yet be done in any simple manner, this hypothetical 
problem was constructed so that only two items of data would be 
considered. However, it is possible to extend the methods of this 
discussion to more than two variables by analyzing the variables in 
pairs. 

There are two steps to this multi-variable analysis. First, an 
analysis similar to that of Figures 9 and 10 is performed, but for 
several different values of each variable, and in all possible combina- 
tions. In this example, the two variables are tc and av. Figures 9 and 
10 evaluate the effects on decisions of a variation in av from o to 
30,000, holding tc = $1.35. 

Now, what effect does variation in av have for other values of 
tc? Assuming it were estimated (on the basis of professional judg- 
ment) that tc is probably greater than $0.50, but less than $3.00, 
this type of graphical analysis would be performed for all combina- 
tions of values of tc and av within this range as well. 

In this example, three values each have been selected for tc and 
av: tc=$0.50, $1.35, $3.00; and av=o, 15,000, and 30,000. The 


Ficure 11—TABULATED RESULTS OF 
MULTI-VARIABLE ANALYSIS: DECISION RANGES 


These decisions are made for the specific ranges of 


Statement Holding And the varying quantity: 
No.* Constant Varying A>O>B A>B>O B>A>O 
(1) tc= $0.50 av o—18,000 18,000—40,000 40,000— 
(2) tc= $1.35 av 0—9,000 9,000—24,000 24,000— 
(3) tc= $3.00 avy x—x 0—10,000 10,000— 
(4) av=0 tc o—$2.75 $2.75—x x 
(5) av=15,000 tc 0o—$0.70 $0.70— $2.25 $2.25— 
(6) av=30,000 tc *x—x o— $0.95 $0.95-- 


These results apply to the Annual Cost and Benefit-Cost Ratio only. 


*Statement No.—this number corresponds to the number attached to each 
of the lines in Figure 12. 
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Figures 12(a), 12(b). Development of Optimal-Decision Map. 
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dependency of decisions upon tc is evaluated graphically for each 
of the three values of av; and the dependency upon av is evaluated 
for the three values of tc. The results of this analysis can be displayed 
by enumerating the ranges over which decisions remain the same 
(as in Figure 11, ““Tabulated results of multi-variable analysis.”’). 
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Figure 12(c). Development of Optimal-Decision Map. 
These same results can also be exhibited graphically. For each 


line of data in Figure 11, a line can be constructed as in Figure 12 
(a). (The numbers of the lines in Figure 12 correspond to the 
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numbered statements in Figure 11.) Taking statement number (1), 
in which the decision ranges of av are enumerated for tc = $0.50, a 
line is constructed and partitioned into decision ranges by dividing 
it at av=18,000 and av =40,000. 

This line is indicated in Figure 12 (a) and is simply a graphic 
representation of statement (1). Similarly, statements (2) and (3) 
are plotted in Figure 12 (a), and statements (4), (5) and (6) are 
expressed graphically in Figure 12 (b). These two figures are com- 
bined in Figure 12 (c). 

Note the points labelled (A) and (B) in Figure 12 (c). Point (B) 
is on the line corresponding to statement (1) ; point (A) is on the line 
corresponding to statement (5). Point (C) is on both lines, and repre- 
sents a combination of values for av and tc (av =15,000, tc = $0.50) 
which lies in the range where ADODB. Any point (combination of 
values of av and tc) to the left of (C), or lower than (C), also lies in 
the range where ADODB. 

In fact, any point to the left and lower than (C) also lies in this 
range. If a line were to be drawn connecting point (A) with point 
(B), any and every point to the left of, and lower than, this line 
would also be in the range of values of (av, tc) for which ADODB. 
This line can be extended to connect points (B), (A), (D) and (E): 
all points to the left of, and lower than, this line lie in this range 
where ADODB. 

In a similar manner, a line can be drawn connecting points (F), 
(G), (H), (J) and (K): all combinations of values of (av, tc) which 
lie to the right of, or higher than, this line, lie in the range where 
B>A>O. All points between this second line and the first represent 
values of (av, tc) for which A>B>O. These two lines on this graph 
form what is called here an “‘optimal-decision map.” 

Each region of this map is a collection of values of (av, tc) for 
which the ranking of the alignments is the same. As indicated in 
Figure 13, all points within any of the regions—all combinations of 
values of av and tc within any region—result in the same ranking 
of alignments. 

This map of optimal decision regions can be used in the same 
way as the simple graphs (Figures 9(a) and 10) resulting from the 
single-variable analysis. Looking at Figure 13, the point represent- 
ing the “‘best estimate” combination of values (av=15,000, tc= 
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$1.35) lies at the center of the region for which the ranking of the 
alignments is A>B>O. Now, perhaps the decision-maker, using his 
professional judgment, is willing to say that the only combinations 
of values of (av, tc) which are possible lie within some given area 
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Figure 13. Optimal-Decision Map. 


(such as one of the rectangles or the irregular figure, indicated in 
Figure 14). 

So long as this figure of possible values lies completely within 
any one region of the map, there is no necessity to do more than 











174 TRAFFIC QUARTERLY 


make this judgment. Additional investigation would only indicate 
where within the rectangle (or other figure) the true values lay, but 
it would not change the decisions which would be made. 

Even if the decision-maker is not willing to say that all possible 
combinations of values (av, tc) lie within one region, the map is 
still useful. How much effort should be expended to make better 
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Figure 14. Zones of Indifference. 


estimates of the values of av and tc? Only so much as will convince 
the decision-maker that the values of (av, tc) lie within some one 
region of the map. Any further refinement of the estimates will not change 
the resultant decisions in any way. 

The advantage of the multi-variable analysis over the single- 
variable analysis is easily illustrated. Line (2) in Figure 12 (c) 
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represents the results of Figures 9 (a) and 10—the case of variation 
in av with tc fixed at $1.35. Looking at either of the latter two figures, 
the conclusion would be that, so long as the estimated value of av 
lay between 9,000 and 24,000, the decision would be the same: i.e. 
A>B)>O. From Figure 12 (c), however, it is seen that if the value of 
tc were only $0.50 in error, so that tc = $1.85, the boundary values 
of av would shift to 5,000 and 17,000. 
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Figure 15. Use of Personal Probability. 


The number in each square represents the probability of the values (av, tc) 
actually being somewhere in that square. 


Without knowing whether av might not in fact lie between 
17,000 and 24,000, there is thus a chance of making the wrong 
decision. With the possibility of this error in tc, it 7s necessary to 
determine whether av is in this range, for the decision would be 


different (B>A>O) if it is. 
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To emphasize this point, if tc is likely to be as much as $0.90 
more than the best estimate value of $1.35, such that tc=$2.25, 
then whether or not the best-estimate value of av (=15,000) is 
likely to be an underestimate becomes extremely significant. If av 
is any small amount greater than 15,000, the decision would change 
from A>B>O to B>ADO, and so it would definitely be worth inves- 
tigation to decide on which side of the 15,000-figure the value of av 
would most likely be. 

C. Personal Probability: This analysis can be carried even further, 
but the possibilities will only be sketched briefly here. Throughout 
the previous discussion, intentionally-vague expressions such as 
“possible” and “‘most likely’ values were used. Instead of saying 
in this somewhat imprecise fashion that the possible range of av is 
9,000 to 24,000, the decision-maker can use probabilities to express 
his feelings about possible values more explicitly. 

Figure 15 demonstrates one way in which this might be done. 
The set of possible values of the pairs (av, tc) is divided into small 
groups by a grid, and a probability is assigned to each square in 
this grid. These probabilities represent the decision-maker’s ex- 
plicit evaluation of the likelihood that the values in a particular 
square represent “‘true”’ values. 

With the assignment of such probabilities, several computations 
may be performed. The magnitude of the expected value of (av, tc) 
can be computed and a decision (selection of alignments) made, ac- 
cording to the region of the optimal-decision map in which the 
expected value falls. 

Or, the several decisions can be evaluated in terms of the prob- 
ability that each is the “right” decision (obtained by summing the 
probabilities of all squares within that region) versus the probability 
that it is the “‘wrong” decision (obtained by summing the prob- 
abilities of all squares not within the appropriate region of the map). 


IV. MAKE A DECISION 


The decision-maker faces several possibilities in making his final 
decision. If the possible values of the items of data under considera- 
tion lie within one region of the optimal-decision map, then the 
analysis is complete and the decision follows logically from the map. 
If the possible values lie in more than one region (and especially if 
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the possible values include all values), then the decision ought to 
be to investigate the data further. 

Enough effort should be expended in such additional investiga- 
tion to limit the set of possible values sufficiently so that they all lie 
in one region of the optimal-decision map. (The theory of search 
is useful here in determining how much effort might be necessary to 
achieve this. Other applications of personal probability would in- 
dicate how much effort should be spent, commensurate with the 
usefulness of the results.) 

Finally, the several measures of value may, in a specific problem, 
place such different accuracy conditions on the data that the deci- 
sion-maker would have grounds for rejecting one measure and 
accepting another. 


SUMMARY 


This discussion can best be summarized by enumerating the 
steps which have been suggested for the analysis of decision problems. 

I. Consider all alternative courses of action—reduce the large 
number of possible alignments to a small, manageable number. 

II. Determine how the desirability of each course of action is 
to be measured. 

1. Enumerate the possible measures of value—in the highway 
field, these are annual cost, benefit-cost ratio, and rate of return. 

2. Specify how each measure is to be used—whether in absolute 
terms, incrementally, etc. 

3. Define the measures in terms of the data from which values 
of the measures could be computed. 

III. Analyze the relationships between values of data and the 
resultant decisions. 

1. Estimate values of the data. 

2. Indicate those items of data which could have values sig- 
nificantly different from the estimated values—in the example, 
these were av and tc. 

3. Determine how decisions would change with the values of 
data. 

A. Single-Variable Analysis. Plot values of the measures as 
functions of data values, varying the value of only one item of data 
at a time. 
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B. Multi-Variable Analysis. Plot values of the measures as func- 
tions of data values, simultaneously varying the values of all data 
items which are likely to have significant error. Determine the 
decision-ranges and plot as an optimal-decision map. 

C. Personal Probability. 

IV. Make a decision—is collection of more accurate data neces- 
sary, or can an alignment be selected without additional analysis ? 
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